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TO TffB 



K I N G. 



SIR, 

IT is the privilege of ital great-* 
VS& nort to be afraid of dimi- 
iration by cofidefcending to the 
notice of Htde things ; and t there- 
fore' can- Boldly folicite the pa- 
tronage of Your Majesty to the 
humbie labours by which I have 
endeav^sured to improve the inftru- 
ments of fcience, and make the 

globes 
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DEpICATIQN* 

globes on which the earth and (ky 
are delineated lefs defedive in then: 
conflrudion, and lefs difficult in 
their ufe. 

Geography is in a peculiar man- 
ner the fcience of Princes. When 
a private fludent revolves the terrjt- 
queous globe, he beholds a fuccef- 
fion of countries in which h/s Jb^ 
no more intereft than in the in»^ 
ginary regions of Jupiter and Saturn. 
But Your Majesty muft content- 
plate the fcientifick pidure with 
other lentiments, and confider, as 
oceans and continents are rdling 
before You, how large a part of 
mankind is now waiting on Your 
determinations^ and may receive be- 
nefits 
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Befits or fufFer evils, a$ Your in- 
BUence is extended br withdrawn. ■ 

The province which Your M^ 
jE sty's armj have added to Your 
dominions, make no inccmfiderable 
part, of the orb allotted to human 
beings. Yout power is ackhdw- 
ledged by nations whofe names wfe 
know not yet how to write, and 
whole boundaries we cannot yet 
defcribe. But Your Majesty's 
lenity ^ and -beneficence give* us 
-reafon to expedl the time when 
fcience (hall- be advanced by the 
"4iffufion of happinefs ; when the 
defartf of America fliall become 
pervious and faf(^, when thofe who 
are now reftraincd by fear fhall be 

attraded 
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attfa^sed hy Tqfffmcci and multi- 
tudes wh^ :W>w f^^ the wqq4? fpr 

prey, and live at the mercy of winds 
and feaibns, ihaii by the paternal 
car« of Your Majesty enjoy the 
plent?^ of cultivated lands, the piear 
^es of ibciety,' the fecurity oi law, 
and the li^t of Revdatien. 

I zm, 

SIR, 

VpuB. Maje$ty*s 

m<A obedient, 
and mfA dutiful, 
Subjeft and Servant, 

GEORGE ADAMS. 
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PREFACE. 



THE connexion of aftronomy with 
ceography is fo evident, and both 
in conjunftion are fo neceflairy to a 
learned education^ thzf. no man will he 
thought to have deferved ill of the republic 
of letters, who ha.s applied his endeavours 
to throw any new light upon fuch ufeful 
fciences. And as the phenomena of the 
carA and heavens can be adequately illa- 
ibated only by the mechanical contrivance 
of globes ; whatever improvcnacnt is made 
in thcfc muft deferve regard, in proportion 
as it facilitates the attainment of aftronomi- 
cal and geographical knowledge. 

As to maps and all proje(3:ions of the 
^here in piano, their ufe is more difficult 
than thofe of the globe, of which indeed 
they arc only fo many pidures; nor can 
they be thoroughly underftood without more 

flcilj 
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viii PREFACE* 

fldll in geometry than is commonly pot 
fcfled by beginners, for whofe ufeiibc.folr 
lowing treatife is principally defigned ; tho' 
it alfo contains fome obfervations, which I 
hope will not be altogether unacceptable to 
a more learned reader. 

The globes now offered to the public, 
are of a conftfudlion new and peculiar, being 
contrived to folve the various phenomena of 
the earth and heavens, in a more eafy and 
natural manner than any hitherto publifhed^ 
being fo fufpended thfat the fludent may 
elevate the fouth pole j a thing impradicable 
in the ufe of the common globes; 

That agreement too, which ;s here 
pointed out between the celeftial and terre- 
ftrial fphcre, will be found to open a large 
field pf geographical and aftronomical know- 
ledge 5 and wUJ afford both inflru6tion and 
amufement to every unprejudiced enquirer^ 
This agreement arifes from a comparifon of 
one globe with the other, or of the (liftapces 
of different places on the earth's furface, 
with the relative diftances of fuch fixe^ 
flars as anfwer to them in the heavens. 
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Tl^tTACE. St 

Bf tKfefe feps of fcieftce, the'miiia of 
man -msty be raifed to the contemplation 
idF die divmc wifdomr which has £o ad- 
jufted the proportion of days, month?, fca- ^ 
ibn$, and years, in the difFerent parts of the 
terraqueoas globe, as to have diftrifbuted 
with an impartial hand, dioagh aft^ a 
manner wonderfully varioas, an equal ffaare 
of the fun's light to every naticm uiidef 
fieaven* . 

* By thefe globes, with little or no cxpc- 
rieoce in aftronomy, may be feen how the 
moon changes her plaee every night, bj 
obferving her pofition with refpedt to any 
iixcd ilar, and how (he proceeds regolarly 
froai it to the eaftward; as the feVei-d 
planets alfo may be obferved to do, fome 
more flowly than others ^ as their orbits are 
more or lefs remote from the center of the 
fyftemj while the regularity of their motions; 
ilridly confor-mable at all times to the laws 
of their Creator, exhibits a ftriking pattera 
of ^obedience to every rational IpeSator. 

J3ut it will be proper in this place to in-^ 
form the reader what he is to expe^ft in 
the globes, and in the following treatifc 
intended to accompany and explain them. 

The 
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r The fupmor accuracjr wi& whidi the 
^tes are drawn and eograv^d^ will> it k 
bopcdp appear to cgmpctrnt judges at the 
firil fight f for the perfeding of which np 
fsi^ence of time or lah^ur hath been ipared« 
The celeftial globe is improved by the addi^ 
Iba of ieveral thouiand ftar» more thaa 
iiave ^xp:^ttd upon any giche hitherto pnin 
iiflbed ; ail the lateft diicqireriesin geograph|r 
and aflronomy are in both of tham ilrii^. 
followed^ and many la^w finea and circles: 
«re inicribed> th^ u& of wluch <wil} bf i\fllf, 
orplained hereafter. 

In the treatife^ ^e liave f»a4p €iH»f^ fd 
ihzt s^efhod of finding the times of equin9^ 
which is the moft modern and ^mple 3 and 
which perhaps is the tri;iefl mean length qf 
a. tropical year -, that the young ftudent may 
with greater eaie and.pleaik-e be made ac^ 
quainted with the firft principl^^ aod from 
^em be carried on to the inof^ intricate 
branches of aftronomy. 

The table of the pafiage of the firft 
point of aries over the meridian, is taken 
from an Ephemeris of La Caille, with fome 
little alterations ; and has been carefully ^ 
compared with twenty years calculations 

made 
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liiade by the Gtme author.. The neceflity 
under which I found myCclf of haftening^ 
^e puMiGation of diis Treatife, arid the va- 
rious intei'ruptiolis and avocations from whicfr 
a' perfon in ttiy ftation cannot be exenipt^ 
would not allow ipe fiifficient leifure to cal- 
culate an original table. 

To render this boofc as cxtenfively yfefid 
as poilible, I \have endeavoured, with all 
tl^e clearnef$ I am mafter x>f, to expre^ 
lipth iRy own ^nd the fentimcnts of other 
j^ors^on cfae £une fufcye^ ^ and I think 
k my duty to adcnowledge i^e aiftDrance f 
Hive received in the courfe of this worlc, at 
vi^i from books, ^s from fome Worth/ 
jfcends ; as I would not willingly incur the 
imputation either of plagiarifm or ingrati- 
tljde. If there ftiould appear to be any 
defeiSs, to which every human work is 
liable, the Reader, I hope, will make fomc 
favourable allowance for the undci taker of 
^ taj[k fo complicated and laborious, and 
cdfreft my errors Iqc himfdfi as well as ha 
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acB PREFACE. 

AD VERT I 6 EMU NT. ^ 

When the reader is hereafter direftcd ta 
apply a card, or the edge of a card, to any part 
ot' the globe, it is to be underftood that hp 
ihould cut a card of any kind exaAly in the 
lize and ibape of A B C D, fig. 4. for the 
globes of eighteen inches diameter; and of 
the fize and (hapc of E F G H, for thofe of 
twelve inches diameter; then, if the ardi B 
C, or P G, are applied to the forfacecrf 
their refpeftive globes, the lines A B, or G £\ 
£ F,. and G H, will become radii from the 
<^Dter of the globe. It is freqxKntly recptired 
%a know what point upon the ftrong bjai6 
meridian^ or broad paper circle, exa<5Uy an- 
fwers to a given point upon the globe» and ^ 
this cannot be well known by infpe(^iont on 
account of the necefiary diftance of thefe twp 
circles from the furface, if the corner B or F 
be applied to the given point upon the glbbe, 
the edge of the card will exaftly mark the de- 
gree or part of the degree required. 

For elevating the pole exadly, the card' is 
to be laid .upon the broad paper circle, and its 
edge applied to the ftrong brafs mcridioBi* by 
which means the degree, and parts of a d^ree, 
may be afcertained with fufficient accuracy. 
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PREFACE^ xiii 

The €xpkn3tion of the kttets to 
the figures i and 2. 

Fig. I. reprefents the new tcrreftrial, and 
fig. 2. the new celeftial globe* with their im- 
proved apparatus. 
i N ^ R Z N. The ftrong brafs meridian. 

NHS. The thin brafs femi-circle, or nK)ve- 
able meridian, upon theterreftrial, b^t upon the 
celeftial globe it is a moveable circle of decli- 
nation ; on the firft of thefc is placed H a Aiding 
icircte, which is hereafter called an artrficid 
i'horiaDon ; the little Aiding circle upon the c^ 
^ieftial ^lobe, is called an artificial fon. 
' -^ j-Q^ Yjjg equator, over which in eitheir 
iftgure is reprefented about half of the feml- 
^circular wire F I ^, which carries the horarjr 
indices, one of them is fcen at L 

E ti. The ecliptic 
_Z A. The brafe quadrant of altitude fcrcwed 
faft to Z, the zenith point of the ftrong brafs 
.meridian, its other end, A, going a little below 
the plane of 

B A C. Th« broad- paper circle upon the 
.forfi^ of the wooden frame. 

T W Y. The wire circle, reprefenting the 

boundaries of twylight. 
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N C S* A (ilk (Iring, fig. 2. fixed occafionalljr 
m. tfae .nordi and footh poles of the cekfti^ 
globe, which is hereafter defcribedt ^nd called 
an artificial moon i it may alfo reprelent the 
place of any planet*, ; 

M. The mariner's^ compafs, with z ma^edc 
needle* 
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|F a fcmi-cirde be turaed rotindl ita 
diameter as an axis,^ it wiU ge- 
nerate the furface of a globe cm: 
iphere, and the center of th6 ie- 
mi-circle will be the cepter of the globe : 
it therefore follows, that as.aU the points in 
the circumference of the Temi-circle, are at 
sin. equal diflance from, its (^nter^^ Co all the 
points of a globe, thus generated, muft ht 
thefiid^. .: ' ' 
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2 Description and U»e ^ the 

2. Any ftrait line paffing through the 
center of a globe, being terminated by its 
furface, is called a diameter ; and that dia-^ 
meter about which the globe turns, is called 
its axis J the extremities of which are called 
the poles of the globct. 

3. There are two artificial globes. That 
im which the furfaec of the earth is repre*- 
fented, is called the terrejirial globe. 

4. The other on which the face of the 
ftarry fphere is delineated, is called the ce^ 
lejiwl gkb^. 

5. In the ti/e (f the terrefirial globe^ we 
ai;e. to confider ouifelves ftanding iipon fome 
paiC of its furface, and that its motion re- 
prefents the real diurnal motion of the earthy 
which is from wefi to eajl. 

• 6. In i!h& uji rf tie' eek/Hal glob^^ ^^ *rc 
to< fuppefe QOFielves at the center ^ ^d itat 
ks motion lepre&nts the apparent Hwnd 
motions of tbo heavens y which is from eaji 
to w^. 

7. Note,. Hie ftars being delineated upon: 
the convex furface of the celeftial globe, 
we muft iiippofe ourfelves at the center: 
becaufc under ftich a fupppfition they wouUJ 

appear 
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appear as they naturally do in die concave 
ftirface of die heavens. 

8. Several circles are defcribed upon die 
fuffece of each globe. Thofe whofc planes 
pafi through the center of the globe, are 
called great circles j fbme of which are gra- 
duated into 360 degrees, 90 of which make 
z quadrant 

9. Thofe circles whofe planes do not 
pafe through the center of the globe, are 
called Jeffer circles. 

' I O. Our new terreftrial and celejlial ghbet 
4fe each of them fofpended ^ their poles 
irt a firong bf^* circle, and turn therein 
upon two iron pin^, which are the axes of 
the globe. They have each a thin brafi 
Jmi^circle moveable about the poles, with a 
ftnall thin Aiding circle thereon. 

II. On die terreftrial globe this iemi-. 
circle is' a moveable meridian^ and its fmall 
Aiding circle, the vifible horizon of any par- 
tfcular place to which it is fet. But, 

i^. On the celeftial globe this femi-circle 
is a moveable circle of declination^ and its 
fmall circle an artificial fun or planet. 

13. Each globe hath a trafs wire circle, 

placed at the limits of the crepufculum, or 

B z twilight. 



Digitized by 



Googk 



4 Dbsckiption and 'Use of the 

twilight, which, together with the globe^ 
is fet in a wooden frame, the upper part of 
which is covered with a broad paper-circle, 
whofe plane- divides the globe into two he- 
miipheres, and the whole is fupported upon 
a neat pillar and claw, with a magnetic 
needle in a compafs box. 

14. On our new terreftrial globes, the 
delineation of the face of the earth into land 
and water, is accurately laid down from 
the latefl: and befl: aftronomical, geographi- 
cal, and nautical difcoveries. . There are 
al&> many additional circles, as well as the 
rbomb^lineSy for the greater eafe and coave- 
nience in folving all the ncceflary geogra-* 
phical and nautical problems. 

15. On the furface of our new celeftial 
globes, all th^ foutbern conjlellations^ lately 
obferved at the Cape of Good-Hope by M. de 
la Cailkj and all the ftars in Mr. Flamfted^s 
Britifli Catalogue, are accurately laid down,, 
and marked with Greek and Roman letters 
of reference, in imitation of Bayer. Upon 
each fide of the ecliptic are drawn eight 
parallel-circles at the diftance of one degree 
from each other> including a fpace of fix- 
teen degrees^ called the zodiac, thefe are 

croiTed 
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crofled at right angles, with fegments of 
great circles at every fifth degree of the 
•ecliptic, for the readier noting the place of 
the moon or any planet upon the globe. 
• f 6. We have alfo inferted from TJlugh 
Beigby printed at Oxford, A. D. 1665, the 
manazil al kamer^ i. e. the manfions of the 
inoon of the Arabian Aftronomers ; which 
are fo called, becaufe they obferved the 
moon to be in or near one of thefe every 
night during her monthly courfe round the 
earth, to each of which the Arabian cha- 
raders .arc affixed. • They may be of very 
great ufe to beginners to teach them the 
names of the flars, as well as to mariners 
for the fame purpofe ; who may have occa- 
fion to obferve the diftance of the moon 
from a fixed ftar, in the new method of 
difcovering the longitude at fea. They will 
likewife ferve to (hew, how the moon paffes 
from ftar to ftar in the courfe of one or 
feveral nights, which is a very curious and 
afeful amufement ; and as they are a divi- 
iion of the heavens different from any thing 
lite Greeks were acquainted with, and 
therefore not borrowed from them, and as 
we do not know they were ever - inferted 
B 3 on 
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en any globe before, we hope we have with 
propriety placed them on our new celeAiai 
globe. 

The broad paper-circle on the fur- 
face of the wooden frame 

ly. Contains four concentric circular 
fpacest The innermoft c^ which is di-'- 
vided into 360 degrees, and numbered in- 
to four quadrants, bcginmng at the eaft 
and weft points, and proceeding each way 
to 90 degrees at the north and fbuth 
points; thefe are the four cardinal points 
of the horizon* The fecond circular 
fpaco contains, at equal diilances, the 
riiirty-two points of the mariner's compafs. 
Another circular ipace.is divided into twelve 
equal parts, reprefenting the twehefigm oi 
the zodiac ; thefe are again fubdivided into 
30 degrees each, between which ^e en- 
graved their names and diaraders. This 
fpace is connedied with a fourth, which 
contains the kalendar of months and days ; 
each day, on the new eighteen inch globes, 
being divided into f&at parts, which exprefi 
tibe four cardinal ppints of the day, ac- 
cording 



Digitized by 



Googk 



Ceteftitid mtd tm-ejirkd Otoiifis, 7 

csording to the Julian reckoning ; by which 
means the iiin*s pkce is very nearly ob- 
tdned for the three common years ^fter 
biflextilc, and the intercalary day inferted 
without confufion. Whence we derive the 
following 

Problem I. 

To iind the fun's place any day in 
the year on the broad paper- 
circle. 

18. Confidcr wheth^ the year in which 
you feek the fun's place, is biflaftite, or 
the firft, fecond, or third year after* 

19. If it be the fifft year after blflextile, 
^ofe divifions to which the nUmbcts for 
the days of the month are affixed, afe thd 
refpedive days for e&ch month of that year 
at noon j oppofite to which, in the. circle 
of twelve figns, is the fun*s place. 

20. If it be the fecond year after biflex- 
tilc, the firft quarter of a day backwards, 
or towards the left hand, is the day of the 
month for that year, againft which, as be- 
fore, is the fun's place. 

21. If 

Digitized by VjOOQIC 
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21. If it be the third year after biflextile, 
half a day backwards is the day of jhe 
month for that year, oppofite to which, is 
the fun's place. 

22. If the year in which you feek the 
fun's place is biflextile, then three quarters 
of a day backwards is the day of the month 
from the winter-folftice to the 28th day 
of February inclufive. The intercalary 
or 29th day, is three fourths of a day to 
the left hand from the ift of March ; and 
the I ft of March itfelf is one quarter of a 
day forward, from the divifion marked i ; 
and fo for every day in the remaining part 
of the leap-year ; againft each of which 
is had the fun s place. 

In this manner the intercalary day is very 
well introduced every fourth year into the 
kalendar, and the fun s place very nearly 
obtained according to the Julian reckoning. 
Thus : 

A, D. Sun^s place, April 25. 

1769. firft year after biflextile U : 5^ : 21' 

1770. fecond ^=5^: 06' 

1771. third O : 40 : 55' 

1772. biflextile ^ - 5^ - 35' 

22. One 
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' 22, One ufe of the broad paper-circle is 
to diftinguifh the points of the horizon 5 in 
which cafe it reprefents the real horizon of 
any particular place. 

23. Another ufe we fhall make of this 
circle is to reprefent the circle of illumina-- 
tioHy or that circle which feparates day from 
night. 

24. A third ufe to which this circle may 
be applied, is to reprefent the plane of the 
ecliptic. All of which fhall be illuftrated 
in their proper places. 

25. In all pofitions of the celeftial globe 
this broad paper-furfac« is the plane of the 
horizon, and diftingui£hes the vifible from 
the invifible part of the heavens. 

26. The north-fide of the wooden frame 
ought to be placed diredly towards the 
north-fide of the heavens, which is readily 
done by the mariners compafs under. our 
new globes. 

The ftrong brafs circle, or meri- 
dian. 

27. There are two notches in the broad 
wooden circle, upon the plane of which the 

broad 
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broad paper-circle is placed, which receive 
the ftrong brafs circle : the body <^ the 
globe being fufpended at two oppoike points 
in this circle, turns round therein on itft 
iron poles, one of which reprefents the mrtb 
and the other the foutb-pole^ 
- a8. One fide of this ftrong brafs circle 
is graduated into four quadrants, each con^ 
taining 90 degrees. The numbers on two 
of thefe quadrants increafe from the equa»- 
tor towards the poles 3 the numbers on the 
other two increafe from the poles towards 
the equator. 

29. The ftrong brafs circle of the celeftial 
globe is called the kieridiariy bccaufe the 
liin's center is diredly oppofite thereto at 
noon* 

30. On the ftrong brafs circle of our 
new terreftrial globe, and about 23^ de*- 
grees on each fide of the north- pole, the 
days of each month are laid down accord- 
ing to the fun's declination ; and this brafs 
circle is fo contrived, that the globe may 
be placed in the pofition of a diredl or right 
Iphere, (which is, when the north and 
fouth-poles are placed in the plane of die 
broad paper*circle) and alfo that the i0uth*> 

pole 
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pole may be elevated above the plane of 
the broad paper-furface, with as much eafi^ 
as the nortli-*pole. A circumftance which 
we thought not .unworthy of our attentioa 
in the conftrudion of our new globes, 

31. The graduated fide of the ftrong 
brafs circle, encompafiing our new terreftrial 
globe, faces the weft. 

32. But that which furrounds the cele* 
ftial globe, faces the eaft, 

33. In all inclinations of either globe^ 
their north-poles ihould be directed towards 
the north-point of the heavens, which the 
mariner's compafs placed under each of 
the globes, will enable us to do with the 
greater readinefs. 

The horary circle* 

34. We ufe no other circle to meaforc 
the hours and minutes of time, but the 
equator upon the furface of either globe 5 
it not only being the moft natural, but 
the largeft circle that can poffibly be 
applied for that purpofe. This is done 
by a femi-circular wire placed in the 
plane of the equator^ carrying two indices; 

one 
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one of which is occafionally to be ufed to 
point out the time. 

As the firft meridian in our new globes 
pafles through London, it therefore becomes 
the XII o'clock hour-circle ; and this falls 
upon the interfedtion of the equator and 
ecliptic at the firft point of ariesj the 
other Xllth hour-circle pafles through the 
oppofite intcrfedion at the firft point of 
libra. 

Alfo remember, when the globe ftiall be 
hereafter redlified for London, or any other 
place, on the fame meridian with it, that 
then the graduated fide of the ftrong brafs 
meridian is the horary index itfelf 

Likewife it may happen, the globe fhall 
be fo redtified as that, the two points of 
XII o'clock will fall in or fo near the eaft 
^nd weft-points of the broad paper-circle 
that neither of the horary indices can . be 
applied . thereto ; therefore either of thefe 
points themfelves will then be the horary 
index in fuch a cafe. 

35. The hour.s and minutes are graduated 
below the degrees of the equator on either 
globe J and as 

36- The 
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36. The motion of the terreftrial globe 
is from weft to eaft, the horary numbers 
increafe according to the diredlion of that 
motion* 

37. The motion of the celeftial globe 
being from eaft to weft, the horary num- 
bers increafe in that dire(5lion. 

The thin brafs femi-circle. 

38. This turns upon the poles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated each 
way to 90 degrees from the equator to 
either pole* 

39* To this femi-circle on the new ce- 
leftial globe is fitted a fmall thin brafs cir- 
cle about half an inch diameter^ whicH 
flides from pole to pole ; when we conftder 
the fun's apparent diurnal motion, we call 
it an artificial fun. 

40. But to the thin femi-circle applied to 
the new terreftrial globe, is fitted a fntiall 
thin circle' about two inches diameter, that 
flides from pole to pole j which is divided 
into a few of the points of the jnariner's 

compafs, 
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compafS) and is called a terrejlrial or^ifibk 



The brafs quadrant of altitude 

41 . Is a thin narrow flexible flip of brafe, 
that will bend to the fur£u:e of the globe ; it 
has a nut with a fiducial line upon it, which 
may be readily* applied to the divifions on the 
ftrong brafs meridian of either globe ; one 
of its edges is graduated into 90 degrees. 
Upon the terreflrial globe its ufe is to fhew 
the diftance of places ; and when applied 
to the celeftial globe, it fhews the diftance 
between two ftars. Upon both globes it 
becomes occafionally a fecondary to the ho- 
rizon ; and has other ufes, which will be 
hereafter (hewn. 

Of the feveral circles defcribed upon 
the furface of each globe* 

42. We may imagjne asi many as we 

pleafe upon the furface of the earth, ^d 

conceive them to be extended to the fphere 

of the heayens, marking thereon concentric 

circles. 

43. Great 
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.43. Great ckdes pafe through the center, 
and divide the globe into two equal hemi* 
fpheres : all circles are fuppofed to be di- 
vided into 360 degrees^ 

We (hall begin with the dciiyiption of 
the equator^ this being the moft eminent 
great circle on either globe. 

The EQUATOR 

44. Is 90* de|;rees diftatice from diet 
two poles of the globe ^ and js fb called, 
becauie when the fiin appears to pafs ver- 
tically over this circle^ the d^ ami ni^itd 
are of an equal length to all the ifxhiib^iiHs 
of the earth. 

45„ The plane of the equator pafles 
through the middle of the globe at rig^t 
angles to the polar^axis. ^ 

Qa our new globes it i& graduated m^ 
360 degrees } upon the terreftrial globe the 
numbers increafe from the mieridiaa of 
L^ndoa weftward^ and pcoceed quite rtmnd 
to 360. 

46. They ve alio nu«nbered f]x>m the 
ianxe meridian eaftward by an nppGt row 
of figures^ fcr the eafe of thofe who lafe 

the 
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die Englifli tables of the latitude and longi- 
tude of J)llces. 

47. On our new celeftial globes the equa- 
torial degrees are numbered from the firft 
point of arics eaftward to 360 degrees. 

48. Clofe under the degrees, on either 
globe, is graduated a circle of hours and 
minutes. 

4^. On the celeAial globe the hours in- 
creafe eaftward from aries to XII at libra, 
where they begin agdn in the fame direc- 
tion, and proceed to XII at aries. 
. 50. But the horary numbers under the 
equator, of the terreftrial globe increafe by 
twice -twelve hours weft wards, from the 
meridian of London to the fame again. 

51, In every pofition of the' globe, ex- 
cept that of a parallel-fphere, the plane of 
the equator cuts the eaftern and weftern 
points of the broad paper-circle, when con- 
fidered either as an horizon, the ecliptic, or 
circle of illumination. 

And as the globe is turncd'about, it al- 
ways keeps to one point of the ftrong brafs 
circle, in which, as hath been obferved, the 
degrees are numbered both ways from the 
equator^ that the diftance of latitude north 

or 
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Or Ibuth of any point on the furface of 
the globe may be more eafily computed. 
Whence arifes the following 

Problem IL 
To find the latitude of a place. 

52, Bring the place to the graduated fide 
of the ftrong brafe meridian, the degree it 
then cuts fliews its diftance from the equa- 
tor, which on the terreftrial globe is called 
latitude. 

Thus London has 5ideg. 32 min. of 
north latitude; Conftantinople 41 deg, of 
north latitude ; Quebec, in Canada, 46 deg. 
55 min. of north latitude ; and the Cape of 
Good Hope 34 deg, fouth latitude. 

Problem III. 

To find all thofe places which have 
the fame latitude with any given 
place, 

53. Suppofe the given place London; turn 
the globe round, and all thofe places which 

C pafs 
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pafs under the fame point of the ftrong brafs 
meridian, are in the fame latitude. 

Problem IV. 

To find the difference of latitude 
between any two places. 

54. Suppofe London and Rome, find the 
latitude of each place by problem ii. art. 52. 
Their difference is the anfwer. 

Problem V. 

To find the declination of the fun 
or any ftar. 

55. Firft, On either globe for thGfufi*s 
declination find his place in the ecliptic by 
problem i. art. 18. Then bring that point of 
the ecliptic line upon the globe under the 
graduated fide of the ftrong brafs meridian^ 
and the degree which it cuts is the funs 
declination for that day. Or> 

Upon the terreftrial globe, that parallel 
which paffes through the point of the ecliptic 
anfwering to the day of the month, will 

(hew 
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fhew ^^funs declination^ counting the num- 
ber of parallels from the equator, Alfo, 

On the celeftial globe, feek the day of the 
month clofe under the ecliptic line itfelf, 
againfl which is the fun's place, bring that 
point under the graduated fide of the ftrong 
brafs meridian, and the degree that ftands over 
it is tliQ funs declination for that day. Thus 
on the 20th of May the fun's declination 
will be about 23 deg. 10 min. and upon the 
23d of Auguft it will be 1 1 deg. 13 min. 

For the declination of any ftar. 

Secondly, Bring the flar to the graduated 
fide of the ftrong brafs meridian on the 
celeftial globe, and the degree it ftands under 
is its diftsuice from the eqtiatof, and this 
diftance is called ^cjiars declinationy which 
may be either north or ibuth, according to 
the fide of the equator on which the ftar is 
iituated. 

Thus the declination of the ftar Ardurus, 

. marked a in the conftellation Bootes, has 

9bfa|Xt 20 deg. 30 min. north declination, 

and that of Syrius in Canis major, or the 

C 2 dog-ftar, 
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dog-ftar, marked a, is about i6 deg. 3omiiu 
fouth declination, 

56. Hence we fee that the latitude of 
places on the earth, and the declination of 
the fun and flars, &c. in the heavens, have 
but one idea, the meaning of vi^hich is no 
more than their diftance (either of places on 
the terreftrial, or of the luminaries in the 
celeftial fpheres) from the equator. 

^*]. The declination of a fixed ftar always 
continues the fame, but that of the fun, 
moon, and planets, vary, 

58. Thofc ftars, whofe declinations are 
equal to the latitude of any place upon the 
earth, are called correjpondents to that place ; 

^ and pafe once in every 24 hours vertically to 
the inhabitants of fuch latitude : that is, thofe 
ftars appear in their zenith, or arc diredly 
over their heads. Hence the following 

Problem VI. 

To find what ftars pafs over or nearly, 
over the zenith of any place. 

59. Find the latitude of the place by 
prob. ii. art. 52. upon the tcrreftrbl globe, 

which 



Digitized by 



Googk 



Celeftial and ^errefirial Globes. 21 

which is the diftance of that place from the 
equator; then turning the celeftial globe, 
all thofe ftars which pafs under the ftrong 
brafs meridian at the fame diftance from the 
equator, will pafs diredly over the heads 
of thofe inhabitants, and therefore become 
celeftial correfpondents to all thofe who live 
under the fame parallel of latitude. 

Thus the ftar marked y of the fecond 
magnitude in the head of" the dragon is 51 
deg. 32 min. diftant from the celeftial 
equator, fo alfo is London at the fame dif- 
tance from the terreftrial equator : therefore 
the declination of this ftar is equal to the 
latitude of London, and confequently it be- 
comes our celeftial correfpondent. 

The ftar marked a of the firft magnitude 
in Perfeus's fide, called Algenib, pafles over 
the zenith of thofe inhabitants in France who 
live 14 min. of one degree fouth of Paris; 
it alfo pafles nearly over the zenith of St. 
George's Bay in Newfoundland. 

Celeftial and terreftrial meridians 

60. Are great circles drawn upon the 

globes from one pole to the other, and 

C 3 crofting 
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croffing the equator at right angles. Upon 
our new terreftrial globe there are twenty- 
four of thefe meridians, which are alfo hour- 
circles, being 1 5 degrees from each other. 
Thus 1 5 degrees on the equator is equal to 
one hour, and each fingle degree equal to four 
minutes of time. Only four meridians are 
drawn upon the furface of the celeftial globe, 
61 • There are no places on the furface 
of the earth, or fpaces in the apparent fjphere 
of the heavens, through which meridians 
may not be conceived to pafs ; confequently 
all points on the terreftrial or in the celeftial 
ipheres have their meridians. 

62. This variety of meridians on the 
globes is fupplied by the thin brafs femi- 
circle, which being moveable about the 
poles, may be fet to every individual point 
of the equator, Wheqce we call it a move- 
able meridian, art. 38. 

63. All thofe great circles, that are drawn 
from pole to pole, are the meridians of thofe 
places through which they pafs. 

64. One of thefe meridians on our new 
terreftrial globe pafles through London, and 
is called afirjl meridian-^ bepaufe from that 
point where it croffes the equator, the degrees 

of 
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of longitude, and the hours and minutes of 
time, begin. 

Some geographers make their firft meri- 
dian pafs through the ifle of Fer or Ferro. 

Problem VII. 
To find the longitude of a place. 

6^. The longitude of any place is that 
point ox degree upon the equator which is 
crolTed by the meridian of that place, reckon- 
ed from a firft meridian. 

Bring the graduated edge of the move- 
able meridian to the place, and that degree 
on the equator which is cut by the fame 
edge, is its longitude from London, in de- 
grees,* and minutes, or that hour and minute 
is its longitude exprefled in time. 

Or if we bring die place to the graduated 
fide of the ftrong brafs meridian, ifcat will 
cut the equate in the longitude as before. 

Thus Bofton in New England is about 

70-I degrees weft of London j Cape 

Comorin in the Eaft Indies 282^. weft 

of London, or the longitude of the firft 

C 4 place 
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place exprefled in time is 4 h. 42 min. of 
the fecond 18 h. 48 min. 

66. The method of reckoning longitude ' 
always weftward from the firft meridian is 
moft natural, becaufe it is agreeable to the 
real motion of the earth j 

67. But the common method is to reckon 
it half round the globe eaftward, and the 
other half weftward from the firft meridian, 
ending either way at 180 degrees. 

Thus Cape Comorin is 78 degrees eaft 
of London. 

Note, The numbers neareft the equator 
increafe weftward from the meridian of 
London quite round the globe to 360, 
over which another fet of numbers is en- 
graved which increafe the contrary way, by 
which means the longitude may be reckoned 
upon the equator either eaft or weft. 

68. It is mid-day or noon to all places 
in the fame meridian at the fame time. 

Thus London, Oran, Cape Coaft-caftic 
in the Mediterranean, and Mundfort on the 
Gold-coaft, have their noon nearly at the 
fame time j Bofton in New England about 
4 h. 42 min. later ^ and Cape Comorin 
j8 h. 48 min. later, 

69, The 
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69. The diiFerencc of longitude of any 
two places is the quantity of an angle at the 
pole made by the meridians of thofe places j 
which angle is meafured upon the equator. 

To exprefs this angle upon the 
globe 

70. Bring the graduated edge of the move- 
able meridian to one of the places, and the 
other place under the graduated fide of the 
ftrong brafs circle: they then contain the 
required angle ; the meafure or quantity of 
which is the number of degrees counted 
on the equator between thefe two braii 
meridians. 

Problem VIIL 

To find what places have mid-day 
or the fun upon their meridian, 
at any given hour of the day in 
any place propofed. 

71. Firft, Let the hour propofed be X 
o'clock in the morning at London. 

As 
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As the real diurnal motion of the earth, 
here reprefented by the terreftrial globe, is 
from weft to eaft, 

72. All places to the eaftward of any 
particular meridian muft neceffarily pafs by 
the fun, before the meridian of any other 
place to the weftward of that particular 
meridian can arrive at it. 

73. And therefore as the firft meridian 
on our new terreftrial globe pafles through 
London, if the propofed place be London, 
as in this cafe, bring the given hour to the 
eaft of London if it be in the morning, but 
to the weft of London if it be in the after- 
noon, to the graduated fide of the ftrong 
brafs meridian 3 and all thofe places which 
lie diredly under it, have noon or the fun 
upon their meridian when it is X o'clock at 
London. 

Thus having brought the Xth hour on 
riie equator to the eaftward of London un- 
der the divided fide of the ftrong brafs 
meridian, it will be found to pafe over the 
eaftern fide of Lapland, and the eaftern ex- 
tremity of the gulf of Finland, Peteriburgh 
in Ruflia, to crofs a part of Moldavia and 

the 
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the Black Sea, theiuoe it p^eis over a part of 
Turky, and goes between the iflands of 
Candia and Cyprus in the Mediterranean, 
thence over the middle of Egypt through 
the caftern fide of Africa, and acrofs the bay 
of Lorenzo 5 all which places have the fiin 
on their meridian v^hen it is X o'clock in 
the morning at London, 

74. Secondly, Let the hour propofed be 
IV o'clock in the afternoon at Port-Royal 
in Jamaica. 

Bring Port-Royal in Jamaica to the gra-- 
duated fide of the ftrong brafs meridian, ^md 
fet the horary index to that XII w^hich is 
mojd elevated % then turn the giobe from 
weft to eaft, until the horary index points 
to IV o'clock, and the ftrong Inrafs meridian 
will pafs over the wefl:ern fide of the ifle 
Pafares in the Pacific ocean ; and the eaftern 
fide of the ifle la Mcfae, thence it croflTes the 
equator, and pafles nearly over the iflands 
M endoca and Dominica, which places have 
thie fun on their meridian when it is IV 
o'clock in the afternoon at Port-Royal in 
Jamaica. 

75- Thirdly. 
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75» Thirdly, Let die propofed hour be 

30 min. paft V o clock in the morning at 
Cape Pafaro in the ifland of Sicily. 

Bring Cape Pai&ro to the graduated fide 
of the ftrong brafs meridian, fet the hcnrary 
index to that XII which is moft elevated, 
and turn the globe weftward, becaufe the 
prc|)ofed time is in the morning, till the 
horary index points to 5 h. 30 min. and 
youll find the ftrong brafs meridian to pais 
over the middle of Siberia, Chinefe Tartary, 
Ae kingdom of China, Kanton in China, the 
middle of the ifiand of Borneo, 6cc. at all 
which places it is noon, (they having the 
fon upon their meridian at the fame time) 
when it is half an hour paft V o'clock in thp 
morning at Cape Pafaro in Sicily. 

Problem IX, 

To find what hour it is at any place 
propofed when it is noon at any 
given place. 

76. Bring the propofed place under the 
graduated fide of the ftrong brafs meridian, 

and 
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5ind fet the horary index to XII (if the given 
place be London, the graduated iide of the 
ftrong brafs meridian is the horary index) 
then turning the globe, bring the given place 
to the meridian and the hour required will 
be Ihewn by the horary index upon the 
equator. If the propofed place be to the 
eaftward of the given place, the anfwer will 
be after noon, but if to the weftward of it; 
the anfwer is before noon. 

Thus when it is noon at London^ 
it is 49 minutes paft XII at Rome, and 
32 minutes paft VII in the evening at 
Kanton in China, and alio 15 minutes pad: 
VII o'clock in the morning at Quebec in 
Canada, and this at one and the fame inftant 
of time. 

Problem X. 

At any given time of the day in the 
place where you are, to find the 
hour at any other place propofed* 

77. Bring the propofed place under the gra- 
duated fide of the flrong brafs meridian, and 
iet the horary index to the given time; then 

turn 



Digitized by 



Googk 



^o Descmftion and Use of the 

turn the globe till the place where you itre 
is under the brafs meridian, and the horary 
index will point to the hour and minute 
required. 

Thus fuppofe we are at London ^ at IX 
o^clock in the morning, what time of the day 
is it then at Kanton in China ? anfwer 3 1 
minutes paft IV in the afternoon. 

Alfo, when it is IX in the evening at 
London, it is about 1 5 minutes paft IV o'clock 
in the afternoon at Quebec in Canada. 

Problem XI. 

The latitude and longitude of any 
place being known ; to find that 
place upon the globe, or if it be 
not inferted, to find its place and 
fix the center of the artificial 
horizon thereon. 

78. The latitude of Smyrna in Afia is 
38 deg. 28 min. north, its longitude 27 
deg. 30 min. eaft of London. 

Bring 27 deg. 30 min. on the equatot 
eaftward of our firft meridian to the gra- 
duated 
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duated face of the ftrohg brafs circle, arid 
under 38 deg. 28 min/on the north fide of 
the equator you will find Smyrna. 

The latitude of Cape Lorenzo in Peru is 
I deg. 2 min- fouth, and longitude 80 deg. 
17 min. weift of London : this place is not 
inferted upon the globe. Therefore bring 
the graduated edge of the moveable raeridlatt 
to 80 deg. 17 min- counted weft ward on 
the equator, and Aide the diameter of the 
artificial horizon to i deg* 2 min. foutb^ 
and its center will be correSly placed on 
that point of the globe where the Cape of 
Lorenzo ought to have been placed^ 

The four laft problems depend entefely 
on the knowledge of the longitude and dif- 
ference of longitude of places. 

The ecliptic 

79. Is that graduated circle which cfoflfes 
the equator in an angle of about 23^ de- 
grees J and this angle is called the obliquity 
of the eclipric. 

80. This circle is divided into 12 equal 
parts, each of which contains 30 degrees j 
the beginning of each 1 2th part is marked 

with 
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with the ufual charadtcrs T, W, n, s, £\^; 
^, ^, ni, ^, vs, ^, K, by which the 
twelve figns are reprefented upon the ter- 
reflxial globe. But upon our celeftial globe, 
juft under the ecliptic, the months, and days 
of each month, are graduated, for the ready 
fixing the artificial fim upon its place in the 
ecliptic* 

8i. The fim's apparent place is always 
in this circle j he advances therein every day 
about 59 min. 8 fee. of one degree, and 
feems to pafs through it in a tropical year. 

82. Thofetwo points, where the ecliptic 
crofles the equator, are called equinoBial 
fointSy and are marked with thefe charad:ers 

Y and i^ at the beginning of Aries and 
Libra. 

83. The firft of thefe is called the vernal, 
the fecond the autumnal equinox. 

84. The beginning of cancer and Capri- 
corn are marked with the charadters © and 
vs, which two points are called the fdfticesj 
the firft is the fummer folftice, the fecond 
that of the winter, to all inhabitants upon 
the north fide of the equator j but diredly 
contrary to thofe on the fouth fide of it. 

Although 
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Although the ecliptic does not properly 
belong to the earth, yet we have placed it 
upon our terreftrial globe according to an- 
cient cuftom \ it being ufeful in fome par- 
ticular cafes; it is chiefly to be regarded 
upon the celeilial globe. 

85. The longitude of the ftars and planets 
is reckoned upon the ecliptic; the numbers 
beginning at the firft point of aries V, where 
the ecliptic crofles the equator and increafing 
according to the order of the figns. 

86. The latitude of the ftars and planets 
is determined by their diftance from the 
ecliptic upon a great circle pafling through 
its poles, and crofling it at right angles. 

87. Twenty-four of thefe circular lines, 
which crofs the ecliptic at right angles, 
being fifteen degrees from each other, are 
drawn upon the furface of our celeftial 
globe; which being produced both ways, 
thofe on one fide meet in a point on the 
northern polar-circle, and thofe on the other 
meet in a point on the fouthern polar-circle. 

88. The points determined by the meet- 
ing of thefe ^circles are called the poles of 
the ecliptic, one norths the oth^vfouth. 

D 89. The 
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89. The longitude of the ftars hath been 
obferved to increafe about a degree in 72 
years. 

The celeftial figns and conftellations ' 

90. On the furface of the celeftial globe 
are reprefented by a variety of human and 
other figures, to which the ftars that arc 
either in or near them, are referred. 

91. The feveral fyftems of ftars, which 
are applied to thofe images, are called con--' 

Jiellations. Twelve of thefe are reprefented 
on the ecliptic circle, and extend both 
northward and fouthward from it. So 
many of thofe ftars which fall, within the 
limits of 8 degrees on both fides of the 
ecliptic circle, together with fuch parts of 
their images as are contained within the 
aforefaid bounds, conftitute a kind of broad 
hoop, belt, or girdle, which is called the 
zodiac. 

gz. The names and the re^edlive cha- 
racters of the twelve figns of the ecliptic 
may be learned by inlpedtion on the furfecc 
of the broad paper circle ^ and the con- 
ftellations from the globe itfclf. 

9S- The 
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93. The zodiac is reprefented by eight 
circles parallel to the ecliptic, on each fide 
thereof; thefe circles are one degree diftant 
from each otherj fo that the whole breadth 
of the zodiac is 16 degrees. 

94. Amongft thefe parallels, the latitude 
of the planets is reckoned \ and in their ap- 
parent motion they never exceed the limits 
of the zodiac. 

95. On each fide of the zodiac, other 
conftellations are diftinguiflied ; thofe on 
the north fide are called northern, and thofe 
on the fouth fide of it, fouthern conftellations* 

96. All the ftars which compofe thefe 
conftellations, are fuppofed to increafe their 
longitude continually j upon which fuppo- 
fition the whole ftarry firmament has a flow 
motion from weft to eaft; infomuch that 
the firft ftar in the conftellation of aries, 
which appeared in the vernal interfe<ftion of 
the equator and ecliptic in the time of 
Meton the Athenian, upwards of 1900 
years ago, is now removed about 30 degrees 
firom it. 

97. From the different magnitudes of 
the ftars, fome appear to be greater than 
others, or nearer to us : on our celeftial 

D 2 globe. 
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globe, they are diftinguifhcd into fcven dif- 
ferent magnitudes. 

General phaenomena arifing from the 
earth's diurnal motion. 

98. The daily rotation of the earth about 
its axis is one of the moft effential points, 
which a beginner ought to have in view ; 
for every particular meridian thereon is fuc- 
ceffively turned towards every point in the 
heavens, and as it were defcribes circles 
in the ceie(tial fpherc, perpendicular to the 
axis of the earth, and parallel to each other; 
by which means the fixed ftars feem to have 
an apparent diurnal motion. 

99. Except thofe two points in the ftarry 
firmament, into which the earth's axis, fup- 
pofed to be fo far extended, would fall; thefe 
two points are called the celejiial poles^ which 
correljpond with our terreftrial north and 
Ibuth poles. 

100. We have contrived our new globes 
fo that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens arc reprefcntcd by them, art. 5. 6. 

and 
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and thence all problems fblved as readily in 
fmth as in north latitudes, and in places on 
or near the equator : by which means we 
are enabled to (hew, how the viciffitudes of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. are 
really made by the earth's daily motion, 
upon the principles of the Pythagorean and 
Copernican fyftems. 

loi. In fig. 3. ^ N Q^ R reprefent s 
the apparent concave fphere of the fixed 
ftars, ae n q s ae the globe of the earthy 
whofe axis n s is fuppofed to be extended 
to N S, in the fphere of the fixed ftars ; all 
the ftars feem to revolve upon thefe two 
points as poles. 

102. If the plane of the earth's equator 
ae z q c ae, is conceived to be extended to 
the ftarry firmament, it will point out the 
celeftial equator iE i^ QJT iE. 

103. N rcprefents the celeftial, and n the 
terreftrial north pole, S and s the fouth pole. 

Parallels of latitude, declination, 
tropics and polar-circles. 

104. Fig, 3. That circle which any ftar 
ieems to defcribe in twenty-four hours, is 

D 3 called 
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called it^ parallel: thus, fuppofe aright line 
drawn from C the center of the earth, 
through any point d of its furface, and ex- 
tended to D in the ftarry firnaament, by 
means of the earth's daily rotative motion, 
the extremity D of the line C D will de- 
fcribe the celeftial parallel G x D x G, 
correfponding to the terreftrial parallel g d, 
of the point d. If D C be fuppofed to be 
extended to H, the oppofite fide of the ftarry 
firmament, it will defcribe another parallel 
equal to the former. 

105. Thofe circular lines upon the ter- 
reftrial globe, which are defcribed from the 
poles, on either fide of the equator, are 
parallel to it, and are called parallels of 
latitude^ but on the cekflial globe they are 
called parallels of declination^ 

I of). There are fi^ur principal lefler cir* 
^ cles parallel to the equator, which divide the 
globe into five unequal parts czlltd, zones ^ 
thefe are the two tropics, and the two polar- 
circles. 

107. We have already fliewn, that the 
diftance pf any parallel from the equator, 
meafured in the arch of a great circle on the 

terreftrial 
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terreftrial fphere, is its latitude 5 and on the 
celeftial fphere, its declination, art. 56. 

108. If the fun, moon, a fixed ftar, or 
planet, is fituated in any parallel between 
the equator JE QJig. 3. and the north pole 
N, it is faid to have north declination, but if 
towards the fouth pole S, fouth declination. 

109. Thus the two parallels G D, and 
H I, have the fame declination : becaufe 
they are equally diftant from JE Qjhe 
equator ; the firft hath north, the laft fouth 
declination. 

110. Hence we muft obferve, that a 
celeftial parallel G X D, and its corref- 
pondent g x d upon the earth, are two 
parsdlel'Circles, being fimilar elements of a 
cone whde axis is that of the earth, and 
apex C the center of the earth. Therefore 
the plane of a terreftrial parallel cannot be 
the feme with its correfpondent celeftial 
parallel ; only the plane of the celeftial equa- 
tor iE ^ Qjt My is the fame with thit of 
the tctteftrial equator ae 2 q, becaufe thefe 
two plAncs are produced by the fame radius 
C (^perpendicular to the axis N S on 
wbich the earth or the heavens are fuppofed 
to turn. 

D 4. III. If 
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1 1 1. If by the earth's ddly rotative mo- 
tion, a ftar D pafles over the zenith d of any 
inhabitant of the earth, that ftar is in the 
celeftial parallel, which correfponds to the 
terreftrial parallel of the obferver ; for the di- 
ftance of die celeftial parallel GD contains the 
fame number of degrees from & Qjhe ce- 
leftial equator, as that of the inhabitant's paral- 
lel g d does from ae q the terreftrial equator. 

112. Therefore the meafure of the arch 
of any inhabitant's diftance from the ter- 
reftrial equator, vvrhich is called the latitude 
of the place, is fimilar and equal in the 
number of degrees, to that fixed ftar's decli-* 
nation^ which pafles over his zenith. 

113. If the inhabitant changes his fitua- 
tion either north or fouth, the different 
declinations of thofe ftars which pafs over 
his zenith, at the feveral places of his re- 
moval, will ftiew his advance to, or regrefs 
from the equator. 

J 14. Whence any place upon the earth 
may be reprefented by its correfpondmg 
zenith point, in the apparent concavity of the 
ftarry fphere j as ftiall be hereafter fhewn. 

115. Upon our new terreftrial globe, 

there are twenty-three parallels drawn at the 

. . diftance 
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diftance of one degree from each other, on 
both fides the equator; which, with two 
other parallels at 23! degrees diftance, in- 
clude the ecliptic circle j thefe two are called 
the tropics. That on the north fide of the 
equator is called the tropic of cancer : and 
the other, which is on the fouth fide of it, 
the tropic of capricom. 

116. The fpace between thefe two tro- 
pics, which contains about 47 degrees, was 
called by the ancients, the torrid zone. 

117. The two polar^circles are placed at 
the fame diftance from the poles, as the two 
tropics are from the equator. 

One of thefe is called the nortbemy the 
other ihejdutbern polar-circle. 

118. Thefe include 23-I degrees on each 
fide of their refpedive poles, and confe- 
quently contain 47 degrees, equal to the 
number of degrees included between the 
tropics. 

119. The fpace contained within the 
northern polar-circle, was by the ancients 
called the north frigid zonCy and that within 
the fouthem polar^circle ihcjbutb frigid zone. 

120. The fpaces between either polar-cir- 
de, and its neareft tropin which contain 

about 
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about 43 degrees, were by die ancients called 
the tw> temperate zones. 

121. Wherever any parallel paiies through 
two places on the terreftrial globe, thofe 
places have the &me latitude. 

122. Alfo all thofe ftars which are in the 
feme parallel upon the celeftial globe, have 
the fame declination. 

123. And as the ecliptic is inclined to 
the equator in an angle of 23! degrees, and 
is included between the two tropics, every 
parallel in the torrid zone muft neceflarily 
crofs the ecliptic in two places; which two 
points {hew the fun's place, when he is 
vertical to the inhabitants of that parallel j 
and the days of the month upon the broad 
paper-circle anfwering to thofe points of 
the ecliptic, are the days on which the fun 
paiTes direi^ly over their heads at noon, and 
are called their two midfummer dayst 
whence the inhabitants of the torrid zone 
have two fummers and two winters every 
year. 

124. Hence as the earth's progrefiive, or 
/ather apparent annual motion, feems to be 
. in the celeftial ecliptic, the fun's declination 

is thereby changed gradually every day; 

Therefore 
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.Therefore on our new terreftrial globe, as 
mentioned in art, 115. wp have drawn 
parallels through the whole fpace of the tor- 
rid zone, and the two fpaces within the 
polar-circles, tp give a general and clear idea 
of the fun's apparent paiSage from one tropic 
to the other. 

The colures 

125. Are circular lines drawn on the 
celeftial globe from pole to pole, (as meri- 
dians are upon the terreftrial globe) croliing 
the equator at right angles. 

126. There are four colures, which forna 
two great circles of the fphere. 

127. That colure or celefHal meridkui, 
which goes through the firft point of aries 
Y, and that which pafles through the firft 
point of libra ^, making together one great 
circle, is reprefented by the circle B T K -^a 
in fig. 3* and is called the equinoSlial cokire. 
The points marked T and ^ are called the 
eqttimxeSy or equinodial points. 

128. The two celeflial meridians repre- 
fented by the circle N iE S QJJ, paffing 
through the (blftitiai points (marked S and 

vs) 
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^) of cancer and Capricorn, are called the 
fol/iitial colures. 

129. Thefe colures cut each other at 
right angles in the poles of the world, and 
divide the celeftial equator, ecliptic, and 
zodiac into four equal parts. 

1 30. The equinoftial colure only pafles 
through the poles of the world at N and S. 
But, 

131. The folftitial colure pafles through 
the poles of the world at N and S, and alfo 
through the poles of the ecliptic at B and K. 

Fig- 3- 

132. Whence it happens in every daily 

rotation of the earth about its axis, that the 
folftitial and equinoctial colures are twice 
Wended with every meridian upon the fur- 
face of the earth : confequently, each pole 
of the ecliptic appears to pafe, once every 
day, over all the meridians of the terreftrial 
Iphere. 

133. All thofe circular lines that are 
or may be fuppofed drawn on the celeftial 
globe, which pafs through the poles, cutting 
the equator at right angles, are called circles 
of declination 'y bccaufe the declination of 
thofe points' or ftars through which they 

pafs. 
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pafs, or the diftance of thofe ftars from the 
equator, is meafured upon thefe circles : and 
this is done by bringing the divided edge of 
the moveable meridian to any ftar. 

134. Hence the thin brais femi-circle,. 
art. 38. which we call the moveable meri- 
dian, is alfo a moveable circle of declination. 

Ardic and antardic circles, or 
circles of perpetual apparition and 
occultation. 

135. The largeft parallel of latitude on 
the terreftrial globe, as well as the largeft 
circle of declination on the celeftial, that 
appears entire above the horizon of any 
place in north latitude, is called by the 
ancients the arStic circle or circle of perpcr 
tual apparition. 

136. Between the ardlc circle and the 
north pole in the celeftial fphere, are con- 
tained all thofe ftars which never fet at that 
place, and feem to us, by the rotative mo- 
tion of the earth, to be perpetually carried 
round above our horizon in circles parallel 
to the equator. 

137. The 
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137. The lirgdft parallel of latitude off 
die terreftrial^ and the largeft parallel of 
declination on the celeftial globe> which t& 
entirely hid below the horizon of any place^ 
is by the ancients called the antarStic circle^ 
or circle of perpetual occultation. 

138. This circle includes all the ftars 
which never rife in that place to an inha- 
bitant of the northern hemifphere, but are 
perpetually below the horizon. 

139. Hence all ardic circles touch their 
horizons in the north point, and all antarc- 
tic circles touch their horizons in the Ibuth 
point; which point, in the terreftrial and 
celeftial fpheres> is the interfeftion of the 
meridian and horizon. 

140. If the elevation of the pole be 45 
degrees, themoft elevated part, either of the 
ardic or antardtic circle, will be in the zenith 
of the place, 

141. If the pole's elevation be lefs than 
45 degrees, the zenith point of thofe places 
will fall without its ar£tic or antarftic circle. 
If greater, it will fall within. 

142. Therefore the nearer any place is 
to the equator, the leffer will its ardic and 
antardic circles be ; and on the contrary, 

the 
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the farther any place is from the equator^ 
the greater they are. So that, 

143. At Ae poles, the equator may be 
confidered as both ardic and antardic circle^ 
becaufe its plane is coincident with that of 
the horizon. 

144. But at the equator (that is, in a right 
iphere) there is neither ardic nor antardlic 
circle. 

145. They who live under the northern 
polar-circle, have the tropic of cancer for 
their ardic, and that of Capricorn for their 
antardic circle. 

146. And they who live on either tropic, 
have one of the polar-circles for their ardic, 
and the other for their antardic circle. 

147. Hence whether thefe circles fall 
within or without the tropics, their diftancc 
from the zenith of any place is ever equal 
to the difference between the pole's eleva- 
tion, and that of the equator above the 
horizon of that place. 

148. From what has been faid it is plain, 
there may be as many ardic and antardic 
circles, as there are individual points upon 
any one meridian, between the north and 
fouth poles of the, earth. 

149. Many 
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149. Many authors have miftakcn thcfc 
mutable circles, and have given theif names 
to the immutable polar-circles, which laft 
are ardlic and antardtic circles, in one parti-* 

*cular cafe only, as has been fhevsrn. 

The caufe of the daily change in 
the declination of the fun 

150. Arifes from the earth's annual mo- 
tion, in the ecliptic, the inclination of her 
axis, and its always moving parallel to 
itfelf. 

151. Imagine the plane of the earth's 
orbit extended as far as the fixed ftars, it wilj 
there mark out the circle S, •^, vs, T, S, 
which we call the celeftial ecliptic 3 fee 

152. From this comparifon of the earth's 
orbit with the celeftial ecliptic, is derived 
the ancient rule to find the fun's place, if w?; 
firft find the earth's place, either by obfer- 
vation or calculation ^ fix figns added to or 
fubftradled from it gives the fun's true place 
in the ecliptic. Confequently it is the fame 
thing, when we confider the daily motion 

of 
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i>f the cartii about her equatorial axis, re- 
.prefent^d by the terreftrial globe, whether 
we fuf^ofe the earth, or the fun, to have 
an annual motion. 

153. It is alfo the fame thing in the ufe 
of the celeftial globe, whether we fuppofe 
the earth to turn upon 'her equatorial axis, 
or the* Harry fphere to revolve upon*thc 
extrenlities of the fame axis extended to the 
heavens: the refult in either cafe will be 
the fame, provided we conceive ourfelves at 
the center of the globe. 

154. Hence we fliall fuppofe the fun's 
apparent annual motion to be in the plane 
t>f the celeftial ecliptic, • and in his paflage 
through • it, dcfcribing by a ray conneding 
the centers of the earth and fun, a different 
circle of declination, parallel to the equator 
every day. Whereby all thofe people who 
inhabit any of thofe placesL on the earth 
which are fituated betwieen the . terreftrial 
tropic of cancer reprefented in fig. 3. by 
S% e; and the terreftrial tropic of Capricorn 
reprefented by h, vs, have the fun iat the 
time he is defcribing their parallel in their 
zenidi-: ©r direftly yfirti<:al, or over theit 
^eads> which hap|>ens twice every, year. 

;. ■•-■ e: • 155. 
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155. Whence the inhabkanftB of tfaofe 
places, as well as mariners who pais be- 
tween the tropics, have a correfponding 
s^enith-pointy where their latitude is equal 
to the fun's paralld of declination, from the 
fun by daj, and fixim the (lars by nights 

156. Hence it is eafily conceived, &at 
if the planes of the equator and- ecliptic 
were united in one continued plwe, n 
central foiar ray conneding the centers of 
the earth and fun, would by the earth's 
diurnal motion defoibe the equator every 
day; but, as we have before obfei^, the 
fun does apparently defcribe a di&rent 
parallel every day : wherefore the ecliptic 
and equator are inclined to each other in 
an angle confirmed by obfervation oi about 
23 d^. 29 min. 

i57« Let the fun's apparent amniai isx>- 
tton be reprefented by the drcte s, nx^ t^ 
®, fig. .3. which bifbfts the cekftiad eqpiator 
Jg £2» Qjp My in the pmnts sx and t; the 
firft of tbefe is caUed the autumnal^ the 
fecond die vernal equinodial point. 

158* When the fan is in o, he appear^ 
to defcribe the equttor, at whidi time ht 
has no dedinattofi; aa4 ^s he proceeds 
. . gradually 
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gradually from ^ towards vs, his fouthcm 
declination continually increafes, and he 
defcribes left and lefe parallels, till he ap- 
jpe^trs in V5, and then defcribes the tropic 
of ckpricOrn ; being then at his greateft 
foufhfcrh declittition, and at his greateft 
diftance from the equator foutherly, and 
alfo in the winter-^folftiee. 

1^^. It pafling froiri Vs to r, his decli- 
nation decreafes, ^nA the parallels he de- 
Fctibes are greater and greater, until he 
eorties to arks or the vernal equinox, and 
again lias no 4cdinatk>n, defcribirig the 
eiifuator as before. 

1^0. As he advaflqes from thence to 
wards ^,the decimation increafes, and th^ 
pataHeladeifer^dd are )&k and lefs, until he 
arrircs at ® or ^e fommer-folftice ; being 
ilbm at ^k greateft north dec^Eidtion^ de-^ 
ibtil^ng 4ie tref)k of cancer. 

1^1- Thenoc pfdceeidiftg forwards to- 
watdi ^, ttie deelki^bn ccmtinuoBy de« 
cfeaf<d, aid die parallels deiciibed increafe 
6Hthe futf s fif^k^ at the ne** fucc6eding 
autumwl cqKinopcj where he' again de- 
fcribes the equator,- having nd declination j 
and compleats the length of a mean folar 
E 2 tropical 
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tropical year, containing 365 d. 5 h. 49 
min. . , , 

. 162. What we have faid with refpedl to. 
fummer and winter-folftices, is to be under- 
ftood with relation to thofe places which lie. 
between the equator and the north pole; 
but to the places between the equator and, 
fouth pole the contrary happens. 
. 163, The two equinoxes arc the feme to 
all the inhabitants of the earth. 

164. We have been thus particular in 
our defcription of the fun's apparent annual; 
motion, for the ufe of be^nners > and we; 
hope this confideration will plead in our 
behalf, if we ihould appear tedious or trifling 
to thofe who are mafters of the fubjeft. 

165. But what has been faid, might yet 
be more clearly illuflrated by an orrery 
or a tellarium, which (hews the annual and 
diurnal motions of the earth and parallelUhi 
of its axis, &c. which by the different pofi- 
tions of the earth's axis, with relpeS to her 
enlightened dife, will appear to the eye ay 
it is really underftood by aftronomers, and 
then we may with more propriety repair ta 
the ufe of the globe itfelf. 

To 
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To fupply the want of a tellarium,^ 

Defcribe a circle with chalk upon the floor, 
a$ large as the room will admit of, that the 
globe may be moved round upon it : divide 
this circle into twelve parts, and mark them 
with the charaders of the twelve figns, as 
they are engraved upon the broad paper 
circle y placing S at the north, vs at the 
fputh, T in the eaft, and ^ in the weft : 
the mariners compafe under the globe will 
diredl the fituation of thefe points, if the 
variation of the magnetic needle be attended 

to. : 

Note, At London the variation is be- 
tween 19 and 20 degrees from the north 
weftward. 

Elevate the north pole of the globe that 
66^ degrees on the ftrong brafs meridian 
may coincide with the furfece of the broad 
paper circle, and this circle will then repre- 
ient the plane of ihe ediptic, as mentioned 
in article. 24, 

Set.a.finall fadjle or a flool over the center 

^f the chalked drcld to reprefent the fun, 

E 3 and 
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and place the terreftrial globe upon its cir- 
cumference over the pcrint marked VS^ with 
the north pole facing the imaginary fun, 
^id the north end of the needle pointing 
to the variatbn : this is the pofition of the 
earth with refpedt to the fiin at the time of 
the fummcr-folftice about the 21ft of June: 
and the earth's axis^ by tlu^ redificalicm of 
the globe, is inclined to the plane of the 
large chalked circle, as well as to the plane 
of the broad paper circle, in an juiglc cf 23^ 
degrees ; a line or ftring paffing fiom the 
center of the imaginary fiin to that di the 
globe, will" reprefent a central iblar ray con- 
nedting the centers of the earth and fun: this 
ray will fall upon the firft point of cancer, and 
deferibe that circle, (hewing it to be the fun's 
place upon the terreffa-ial ecliptic, which is 
the fame as if the fun's pkce> by extending 
the ftring, was re^rred to the oppofite fide 
of the chalked circle, here reprefenting the 
earth's padi in the heavens. 

If we conceive a plane to pais dirou^ 
the axis of the globe, it will alfo pais threap 
the fun's center^ and die points of ctocer 
and c^rieorn tn ^e tendftrial and celeitial 

ecliptic; 



^ 
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ecliptic; tlie central folar ray in this po6^ 
tion of the earth is alfo in that planes this 
can never happen but at the times of the 

If another plane be conceived to pafe 
through the center of the globe at right 
angles to the central fblar ray, it will divide 
the globe into two hemifpheres ; diat next 
the center of the chalked circle will repre- 
fent the earth's illuminated difk, the con*- 
trary fide of the fame plane will at the fame 
time fhcw the obfcure hemifphere. 

The intelligent reader for the ufe of his 
pupils^ may realize this Second plane by cut* 
ting away a iemi-<nrcle from a fheet of card 
pafie^board^ with a radius of about i\ tenths 
of an inch greater than t;hac of the globe 
itfelf; if this plane be applied to tbk de?» 
gre^ wpGSk the ftrong brafs meridi»i» it will 
be in the pole of die ecliptic; and m wery 
fitoadon of thie gld^e round the ciirum-' 
.£»'encc of the chaikcad cinde^ it vfiXi afford 
a itvejy »d laftiag idea of the aomial and 
dktrnal vcetaaa of the Qsrth, of tlK varicHis 
phenomena arifing from the paraUdifm of 
the earth's axis, and in particular the daily 
£ 4 change 
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change of the fun s declination, and the 
parallels thereby defcribed. 

Let the globe be removed from vs to isr^ 
and the needle pointing to the variation as 
before will preferve the parallclifm of the 
earth's axis 5 then it will be plain, the ftring 
or central folar ray will fall upon the firft 
point of leo, fix figns diftant from, but 
oppofite to the iign «? upon which the globe 
ftands : the central folar ray will now de- 
fcribe the 20th parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in this, manner 
from point to point round the circumference, 
of the chalked circle, and care be taken at 
every removal that the north end of. the 
magnetic needle, when fettled, points to 
the degree of the variation, the north pole 
of the globe will be obferved to recede from 
the line conneding the centers of the earth 
and fun, until the globe is placed upon 
the point cancer: after which, it will at 
every removal tend more and more to- 
wards the faidline, till it comes tocapri-* 
corn again. 

. . Problem 
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Problem XII. 

To redify either globe to the lati- 
tude and horizon of any place. 

166. If the place be in north ktitudc, 
rjufe the north pole, if in fouth latitude, 
raife the fouth pole, until the degree of the 
given latitude, reckoned on the ftrong brafs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle 5 then this 
circle will reprefent the horizon of that 
place. 

To redify for the fun's placQ. 

167. After the former reftification bring 
the degrees of the fun a place in the ecliptic 
line upon the globe to the ftrong brafs 
meridian, and fet the horary index to that 
Xllth hour upon the equator which is 
moft elevated. 

168. Or, if the fun's place is to be 
retained, to anfwer various conclufions, 
bring the graduated edge of the move- 
able meridun to the degree of the fun'^ 

place 
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place in the ecliptic, iipon the cdefUal 
globe, and Hide th^ wire which crofles the 
center of the artificial fiin thereto, then 
bring its center which is the interfedtion of 
the.aibrefaid wire, and graduated edge of the 
moveable meridian, under the ftrong brafs 
median as before, and fet the horary index 
to that XII on the equator which is moft 
devated. 

To redify for the zenith of any 
place. 

1 69. After the firft redlification fcrew the 
nut of the quadrant of altitude io many de* 
grees from the equator reckoned on the 
ftrong brafs meridian towards the elevated 
pole, as that pole is raifed above the plane 
of the broad paper circle, and that point 
will reprefent the zenith of the place. 

Thus London having 51^ degrees north 
latitude, move die globe till the plane of the 
horizon on the north fide cuts the ftrong 
brafs meridian in that point. 

170. If you are doubtfiil, whether die 
proper point of the brais meridian is cor- 
teftly cut, when fct by the eye, apply a card 

cut 
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cut in the fbiye of fig. 4. to the place flat 
upon the bcoad papQr €irde> itid it will be 
truly adjufted. 

1^ when the globe is in dus ftate, we look 
on the of^fite iide of the gbbe, the plane 
of the horixon will cut the flrong brafi 
meridian at 38^ degrees, the complement 
of the latitude^ 

Problem XIIL 

To find the moon's mean place upon 
the celeftial globe, her age and 
day of the month being known. 

172'. The moon irtcreafes her longitude 
in the ecliptic every day about 13 deg. 10^ 
min. by which means flie crofles the meri- 
dian of any placid about 50 minutes later 
than (he did the preceding day. 

Thus if her plara be ia thwe ladi degree 
of Taurus any day at no0n, it will be 25 
df^. io min. in Taurus on the (iicceediflg 
noon. 

17^* Jt is ne^ ;wwo when the fun and 
moon have the fame longitude, or are m or 
near l^ikEiae point c^^ edipdc; 

174. When 
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ly^.. When they have oppofife longi- 
ttides, or are in oppofite points of the ecliptic>* 
it IS full moon. 

ly^. To perforaa this problem tolerably 
near the truth, without having recourfe to 
^n ephemeris, which may not always be at 
hand^ 

176. Find the day of the new moon next 
preceding, the given day of the month in 
any common almanack, (he number of days 
clapfed is the moon's age. 
' 177, The equator on our new celeftial 
globe is divided by large dots into 29I equal 
parts, each of which is diredled by a fhort 
dotted line, to a number marked in Roman 
figures, exprefling the fcveral days of the 
moon*s age. 

The rule. 

178. Elevate the north pole of the ce- 
leftial globe to 90 degrees, and then the 
equator will be in the plane of the broad 
paper circle ; bring the firft point of aries,. 
iharked T on the globe, to the day of the 
month on the faid broad paper circle, which, 
^wers to the fun!s place for that day ; and. 

the 
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the day of the moon's age will fland agwid 
the fign and degree of the moon's mean^ 
place 'y to which fet the artificial moon upon 
the ecliptic on the globe. 

179. But if you are provided with art 
ephemeris, that will give the moon's latitude 
and place in the ecliptic 5 firft note her place 
in (he ecliptic uppn the globe, and then 
counting fo many degrees amongft the 
parallels in the zodiac, either above or below 
the ecliptic, as her latitude is north or fouth 
upon the given day, and that will be the 
point which reprefents the true place of the 
moon for that time, to which apply the 
artificial moon. 

I 8q.. Note, The artificial moon is a fmall 
thin piece of brafs in form of a crefcent, 
having two holes a and b, fig, 5. through 
which a fmall firing of filk twift is put, that 
it may flip backwards or forwards upon it, 

181. To one end c of this filk ftriiig Is 
tied a fmall piece of brafs dec with tbre? 
holes, at dec. 

The manner of putting it upon the 
^lobe is thus: firft having put the crpfcei>t 
a b, on the ftring and, the piece of brafs, 
by paffing the ftring through the two holes 
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4 e> tile ftriftg being ^ yet !dft free* Hw 
ttro ends of tfie ftring being loofe, pafs flie 
end F round Ae nortli pok of die globe> 
in a grove made £:»' that purpde, and tie 
it into a looTe loop fike F gy ^ten put the 
ot&er tfcA of llie filing G c round tSie ^huJi 
pole and tie k faft to the hole at c, then by 
puffing the piece dec upwards, the ftring 
ttaay be tightned on any part of the ^obe, 
and pufliing it downwards will fkcken i^ 
Aat it may be removed to any other place 
iand then tightned again. 

Problem XIV* 

To reprefent the apparent diurnal 
motion of the fijQ^ moon> and 
fta«, on the celcftial globe. 

irSfi. Find the fon's place by problem i. 
wt. 52. and thereto fct Ae center of die 
artificial fun. Alio, 

183. Find Ae moon's place by problem 
xi8. art. 171, and fet the center of die arti- 
'ficirf mo6n upon it. 

Reaify 
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Reaify the globe to iIk Jttitude, horfaSMi, 
fon's place, and seiadi) bjr praUem idi^ 
art. 166, jdjr^aod 169U 

i84« The globe being torned round its 
axis from caft to weft, will reprefent die 
apparent motion of dfee iiuii moon> and ftars, 
for that day. 

185. When the caenter of the attifidal 
fun is in the plane of the horisson on ^ 
eaftem fide, the horary ind^x (hews upon 
the eqoator -die time dEftm ri^g. 

i36» All lihofe Aaiis whic^ are then in 
the plane of ilie horiKai on the edteni fide; 
ve at. the fame tnftanc ^ time rifing with 
ihejunj md thofe on theweAern fide c^the 
horizon are then fetting. 

1 87* And ^hen the oenter of the arti- 
fiend nnoon comes to the honzon on the 
eaftem fide« the horary indeat will point tt 
the hour and minute of her rifing. 

And thofe ftars an the eaft edge of the 
horizon aore then Jtifing wMi her, whilft » 
the &nae tinae aU *diofe fta<s, cat by ^ 
wtftem ^ge^ are iettiaig. 

i^ That degree and flabmfee of 4hc 

eqpftater wUch is cut by 'the plane of the 

hodzofib atidtt 6iBeliHDA» that the ceoter df 

: . ^ the 
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the artifici^ ;fun, pioon, or any^ftar, %*Alfb 
cut by the faid plane^ is the v?ry,poml of 
the equator, which rifes with either . of 
them, and i? called the fun, moon^ or flars 
Qblique afcenfign. 

i2f%, As tht.Jin afcends in the heavens 
till it culminates, or comes under the gra-f 
duated iide of the ibrong brafs meridian, the 
hor^y index will fucceffively point to the 
hours before noon ; but when he is under 
the divided fide of the brafs meridian, the 
horary index points at XII o'clock, and that 
degree and miniite on the equate^:, which is 
cut by the graduated face of the ftr^jUg 
brafs, jneridian, is called the Jkn's right 
afcenfion. 

. 1 90. At the fame time, that degree of 
the brafe meridi^,; which is dkedlly oyer 
the; artificial fun, is his declination^ art#^5v 
for that day. ^ ; - 

- jrga. The fame is to be obferyed of the 
moon or aM ftar as they afcend in the 
heavens,; till th^ culminate or come undei? 
the meridian, the. hor^ indcK co^antiy 
pointing to the hour of the day or nightly 
dieir right afcenfion and decUwttioii ftre- alfd 
(hewn in the iamemmneir a&diatof the fun^ 

193. Whilft 
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'^93. Whilft the fun defccnds from the 
meridian weftward, the horary index fuc- 
ceffively fhews the hours after noon, 

194. And when the center of the arti- 
ficial fun is in the plane of the horizon on 
die wcftern fide, the horary index ihews 
the time oi fun fettingy and that point of 
the equator which is then cut by the plane 
of the horizon, is the point which fets 
with the fun, and is called his oblique de-- 

fcenfion. 

195. The number of degrees on the 
equator contained between the points of his 
oblique afcenfion, and right afcenfion, or 
between the points of his right afcenfion 
and oblique defcenfion, is called his afcen^ 

Jlonal difference. 

196. Obferve the fame with refpe<a to 
the inoon or any ftar : as they defcend from 
the meridian weftward, the horary index 
will fucceffively fhew the time of their 
arrival at any given point, thsir fetting, 
oblique defcenfion and afcenfional difference 
in the fame manner as before defcribed in 
relation to the fun. 

197. The rifing, culminating, fetting, &c, 
of any planet may be obtained, if the place 

F of 
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6f the planet, by its longitude and fcrtitjwfe^ 
taken from an ephemeris> be afcertamed> 
and an artificial planet fet thereto, in the 
manner in which we have ctredled the arti-, 
ficial moon to be placed upon die globcy. 
or this laft may occafionally reprefent a 
planet. 

i9§. Thus on the i8th day of June,^ 
A- D- 1769 new ftile,^ being the firft year 
after biflextile, the fun's place will be n^ 
27 deg. 2% min. the moon's place ^ i^ 
deg. omin. her latitude north odeg, 30'' 
min. The new moon about a 7 of an hwx 
paft VI o'clock in the morning, to which 
places, if Ae artificial fun and moon be kx^^ 
a beginner may readily exercife himfclf in 
finding the proper anfwers agreeable to th^ 
data, l^ the diredtiona in this proi^em. 

• * 
Parallels of altitude. 

199. T^jj^ gtobe remaining redified as in 
the laft problem, the uppermoft point repre-* 
ients a point in d^ heavens diredlly over oiu? 
heads^ which is called the zenith: and as 
the brafs quadrant is moveable about ka 
upper end as a center,, when that center is 

fixed 
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^ed to the latitude of the place upon the 
ftrong brafs mftidian, it will be in the zenith, 
and the beginning of its graduations will 
coincidd' with the plane of the broad paper 
circle, which in thefe cafes rcprefents the 
horizon of the place. 

200. If the quadrant be moved about the 
globe, its firft divifion will deicribe the 
horizon. And, 

^01. At the fame time, all its inter- 
mediate divifions, will defcribe circles pa^ 
rallel to the horizon; the point marked 10 
defcribes a parallel of 10 degrees, thfe pcrint 
marked 20 a parallel of 20 degrees, and £> 
of any other point. 

202. Thefe circles parallel to die horizon 
are caikd parallels of altitude. 

Therefore thefe p^allels (hew the eleva- 
tion of the fun, moon, ftars or planets, 
above the plane of the horizon. 

And the quadrant itfelf in each cafe re- 
prefents a fccondary of the horizon. 
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PROBLEM XV. 

To find the fun's altitude at any 
time of the day. 

203. Set the center of the artifidal fun to 
his place in the ecliptic upon the globe; 
and redify it to the latitude and zenith^ 
by problem xii. art 166. bring the center 
of the artificial fun under the graduated fide 
pf the ftrong brafs meridian, and fet the 
hour-index to that XII which is moft ele^ 
vated 3 turn the globe to the given hour, 
and move the graduated edge of the qua-- 
drant to the center of the artificial fun; 
and that degree on the quadrant which is 
cut by the fun's center, is the fun s height 
at that time* 

The artificial fun being brought under 
the ftrong brafs meridian, and the quadrant 
laid upon its center, will fhew it§ meridian 
or greateft altitude for that day. 

If the fun be in the equator, his greateft 
or meridian altitude is equal to the elevation 
of the equator, which is always equal to the 
co^latitud^ of the place. 

Azimuth 
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Azimuth or vertical circles. 

204. An azimuth circle in aftronomy, is 
the very fame as a circle of pofition in 
geography; they being fecondaries to the 
horizon, or great circles paffing through the 
zenith of any place, and croffing the hori- 
zon iat right angles : either in the heavens 
called azimuths^ or on the earth, circles of 
pofition. 

205. Any azimuth may be reprefented 
by the quadrant of altitude, when the center 
uport -which it turns, is Icrewed to that 
point of the ftrong brafs meridian; which 
anfwers to the latitude of the place, and the 
place brought into the zenith. 

Suppofe at London, if you bring the 
divided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will reprefent an azimuth of i o degrees ^ 
if you fet it* to 20, it will reprefent an 
azimuth of 20 degrees i and fo of any 
other. 

206. If the quadrant of altitude be fet 
to o degree, that is either upon the eaft. 
Of weft points,. of the broad paper circle, it 

F 3 will 
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will then reprefent that azimuth, which ia 
called the prime vertical. 

Problem XV . 

To find the azimuth of the fun or 
any ftar. 

207. Redify the globe to the latitude 
and fun's place, art. 166 • 167. then turn it 
to the given hour, and bring the divided 
edge of the quadrant of altitude to the fun's 
place in the ecliptic> or to the center of 
any ftar, and it will crofs the horizon at the 
azimuth required. 

The diftance of that poini: of the horizon, 
in which the fun appears to rife or fet, 
counted from the prince vertical, art. 206, 
or eaft and weft points of the horizon, is 
called the fun s amplitude. 

Corollary^, 

To find the angle of pofition, and the 
bearing of one place from another. 

208. The angle of pofition is that fornied 
between the meridian of one of die places, 

and 
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sa^d a great circle paffing through the 6ther 
place. 

Reftify the globe to the latitude and 
zenith of one of the places, art. 166. 167. 
fet the graduated edge of the quadrant to the 
odier place, and the number of degrees 
contained between it and the ftrong brafs 
meridian, is the meafure of the angle 
fought. Thus^ 

The angle of pofition between t;he meri- 
dian of Cape Clear in Ireland and St. 
Auguftine in Florida, is about 92 degrees 
north wefterly, but the angle of pofition 
between St Auguftine and Cape Clear, is 
only about 46 degrees north eafterly. 

Hence it is plain that the line of pofition, 
or azimuth, is not the fame from either place 
to the other; as the romib-lines are. 

To find the bearing of one place 
from another. 

209. The bearing of one fea-port from 
another is determined by a kind of fpjral 
called a romb-line, pafling from one to the 
other, fo as to make equal angles with all 
the meridians it pafleth by 5 therefore if 
F 4 both 
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both places are fituated on the fame parallel 
of latitude, their bearing is either eaft or 
weft, from eact other j if they arc upon the 
fame meridian, they ht^v north and fouth 
from one another ; if they lie upon a romb* 
line, their bearing is the fame with it; if 
they do not;obferve to which rohib-line the 
two places are neareft parallel, and that will 
fhew the bearing fought. 

Thus the bearing of the Lizard Point 
from the iiland of Bermudas is nearly 
E N E ; and that of Bermudas from the 
Lizard is WS W, both nearly upon the f^e 
romb, but in contrary diredStions. 

A parallel fphere .; * 

Is that pofition of the glq^e^ where the 
poles are in the zenith and nadir, the equa- 
tor in the horizon, and conftqucntly thofe 
circles which are parallel thereto, are alio 
parallel to the horizon. 

The inhabitants of this fphere, if any 
there be, muft live upon the two terreftrial 
poles. 



A right 
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A right fphere 

Is that where the inhabitants fee both 
poles in their horizon, the equator paffing 
through their zenith and nadir, and all th^ 
circles parallel to the equinodial perpendi* 
cular to their horizon. 

Thefe people live upon the terreftrial 
equator. 

An oblique Iphere 

Hath one of the poles of the globe above^ 
the other under the horizon; the equator 
in all the cales of this fphere is half above, 
and half below the honzony and the pa«> 
rallel circles cut the horiion obliquely. . 

The inhabkants of this fphere are thofe 
who live on all parts of the earth, except 
thoie at the poles and upon the equator. 

Of the twilight. 

210. The morning-twilight or day-break 
begins when the fun comes within 18 de- 
grees of the horizon, and continues till fun«* 
rifing. 

211. The 
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f 211. The evening-twilight begins at the 
time of the fun fetting, and continues till it 
IS 1 8 degrees below the horizon. 

213. For this purpofe on our new globes, 
a wire-circle is fixed eighteen degrees below 
the furface of the broad papej: circle j fb 
that, 

213. AH thofe places which are above 
the wire-circle, will have the twilight, but 
It will be dark to aU places below it. 

214. At the time of winter-foHlice, when 
the whole fpace within the northern polar- 
circle is out of the fun*s light, the greater 
part g( it enjoys the benefit of twilight j 
(here being only about 5! degrees round the 
pde that will be tsotaily dark. 

215. We have here only coofidered the 
twilight refleded to us froiki ithe earth's 
atmofphere by -the fun himfcif; befides 
which the body of the fun is always encom- 
paffed with a fphere of light, which being 
of a larger circumference than the fun, muft 
rife before him,' and fet after him ; which 
confequently lengthens the twilight byillu^ 
minating our air, vehen the fun is deprefled 
too low to reach it with his own light; 
this feems to be the caufe, why the fun is 

preceded 
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preceded by a luminous fegment of a circle 
in the eaft before his rifing, different from 
that light rcflcded by the atmofpherc from 
the body of the fun ; the like to which may 
be obfcrved in the weft after ftm-fet, 

To reprefent the earth's enlightened 
4iflc by the terreftrial globe* 

216. We have .already ihewn how the 
earth's diurnal motion is reprefented by the 
motion of the terreftrial globe about its axis 
from weft to eaft; and that the horary 
index will point upon the equator the 24 
hours of one diurnal rotation, pr any part 
of that time, 

217. The broad paper circle, under this 
confideration, will be npw employed to re- 
prefcnt a plane fuppofed to pafs through the 
center of the earth, perpendicular to a cen- 
tral folar ray : or in other words> perpen^ 
dicular to a line fuppofed to be drawn from 
the center of the fun to that of the earth at 
all times of the year. 

In which, cafe, the broad paper-circle 
divides that half pf the earth's furface, which 

is 
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is illuminated by the fun's ra)rs, From thfc 
other hemifphere which is not enlightened. 

218. That the globe may appear to be 
fo enlightened, conceive a fun painted on the 
ceiling of the room in which you are, 
direftly over the terreftrial globe, and of the 
fame diameter; from whence imagine an 
Infinite number of parallel rays falling per- 
pendicularly downwards upon the upper 
furface of the_ globe, which here reprefents 
the illuminated hemifphere of the earth^s 
enlight6ried difk. 

219. ^?y^lence it is plain^ that the central 
Jblar ray is the only one, which pafTeJs 
through the centers of the lun and earth, 
as ^ell as the only ray that can poffibly be 
perpendicular to the earth's furface; all 
other Iblar parallel rays will fall more and 
more oblique, as they are farther from the 
central ray, till their arrival at the edge of 
the enlightened difk, here reprefented by the 
inner edge of the broad paper-circle, where 
they will become parallel to the horizons 
of all places then under the faid edge of 
the difk. 

220. In one diurnal revolution ' of the 
earth, the central folar ray defcribes the 

paiallel 
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i^arallel of the fiin's declination j or rather 
that parallel, to the inhabitants of which the 
fun that day will pafs diredlly vertical, or 
over their heads. 

22 1 • From this application of the ter- 
reftrial globe, we fee die natural caufe of the 
different altitudes of the fun at different 
times of the day, and at different feafbns 
of the year 5 which arife from the earth's 
daily rotative and progreffive motion, &c. 

222. When we view the globe in this 
pofition, we at once fee the fituation Qf all 
places in the illuminated hemifphcre, whofe 
inhabitants enjoy the light of the day, while 
at the fame time all thofe places below the 
broad paper-circle, are deprived of the fun s 
light and have only twilight fb far as thq 
wire circle, and aU below that, haye total 
darknei]s, when the nK)on does not ihine on 
them. 

3:23. And by obferving the angles nude 
by the meridians, drawn on the globe, cut- 
tix\g any parallel of latitude at the edge of 
the broad paper cirple, with the flrong brafs 
meridian, ^yc fee the femi-diurnal arches 
continually ^decreafe from the elevated pole, 
' " '' till 
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till they come to the oppc^te part of tbs 
garth's enlightened difk. 

Problem XVII. 

To rci^ify the terreftrial globe, that 
the enlightened half of the earth's 
furface may be all above the 
broad paper circle for any time 
of the year ; the fun being fup- 
pofed in the zenith. 

225. On the backfide of the ftrongbrafe 
meridian, and on each fide of the north pole, 
are graduated in two concentric fpaces the 
months and days of the year. 

226. Bring the day of the month to co- 
incide with the broad paper circle, and the 
terreftrial globe is redtified. 

227. When the globe is thus re6lified^ 
that degree and minute upon the graduated 
fide dl the brafs meridian, which is then cut 
by the plane of the broad paper circle, is' 
the diftance of the fhadc of extuberancy 
upon the earth's difk, reckoned from the 

pole, 
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|K)le, and is equal to the fun's declination 
for that day 3 and is therefore alio equal to 
the latitude counted from the equator of all 
thofe places to whom the fun is vertical; 
and this point on the brafs meridian repre* 
ients the central fblar ray defcribing the 
parallel of the day- 

228^ If now the globe be turned from 
weft to eaft, all thofe places which arrive at 
the weftern edge of the broad paper <:ircle, 
are pafling out of the twilight into the fim's 
light; the fun then appears riilng to alt 
thofe inhabitants. 

229. At the fame time, if you look upon 
the eaftern edge of the broad paper circle^ 
it will cut all thofe places which are then 
pafling, from the fun's light into the .twi- 
light; whofe inhabitants will fee the fun 
fetting, and enjoy the twilight until they 
arrive at the wire circle, which is placed 
18 degrees below ithe illuminated difk, at 
which time they enter into total darknefs. ^ 

230. Th^ graduated fide of the ftrong 
brafs meridian fliews, at the fame time, all 
thofe places which have mid-day or noon. 

231. If the horary index be fet to XJI, 
when any particular piare is brought ^under 

the 
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the graduated fide of the ftrong brafs meri- 
dian, it will fhew as you turn the globe 
from weft to eaft, the precife time of fun 
rifing, fetting, &c. at that place. 

232. The horary index will alfo fhew 
how long a place is moving from the weft 
to the eaft fide of the illuminated difk^ here 
reprefented by the broad paper circle, and 
thence the length of the day and night ; it 
will alfo point out the length of the twilight 
by the time that the place is pafling from 
the twilight circle to the edge of the diflc 
on the weftern fide, or from the edge of the 
difk to that circle on the eaftern fide, ftnd 
thence the length of time wc enjoy a whole 
artificial day. 

We fliall proceed to exemplify thefe 
particulars at the times of equinox and 
folflice. 

Problem JCVIII. 
The times of equinox. 

233. The fan has no declination at thd 
times of equinox, confcquently there muft 
be no elevation of the poles. 

234- Bring 
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234. Bring the day of the month on thfe 
backfide of the ftrong brafs circle, in which 
the fun enters the firft point of aries or libra, 
into the plane of the broad paper circle, 
and then the two poles of the globe will 
be in that plane alfo ; and all thofe circles 
which are parallel to the equator will cut 
the plane qf that broad circle at right angles, 
and the gl6be will then reprefent a right 
iphere. 

235. If you now turn the globe from 
weft to eaft, it will plainly appear that all 
places upon its furface are twelve hours 
ab^e the broad paper circle and as many 
below it, which fhews the nights are equal 
to the days to all the inhabitants of the 
eardb y that is, they are illuminated by the 
fun's rays twelve hours, whence thtfe are 
called the times of equinox, which happens 
twice every year ; the firft is the autumnal 
the fecond the verf9l equinox. 

236. At thefe times the fun appears to 
rife and fet at th#fame inftant to all places 
in the fame meridian. 

237. But their twilight is longer as dieir 
fituation is nearer to either pole, in fotnuch 
that within 1 8 degrfees of the poles, their 

G twilight 
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twilight is 12 hcKjrs, confequeftlly there 
is nb dark night in thofe pkees it. the times 
of equinox : when at the feme time thofe 
places under due equator have only one 
hour and 12 minutes twilight-, fo that their 
artificial day is about 14 h. 24 min. at 
thefe two feafons of the yeaT. 

238. Thus if London, and Mundfort on 
tiie Gold Coaft, be brought to the ftrong 
brafs meridian, the graduated fide of 
whith is the horary index ; in other cafes 
the hour index fiA to thlt XII which is moft 
iBlcvated, and if then they be brought to 
the weft fide of the broad paper citxrle, the 
index will then point to VI o'clock for liin 
rifing, and to VI for fun fetting, when thefe 
f>laces ate brought to the eaftem fide. 

239. Alfo if London be turned itom the 
wefl: towards the eaft, and the hour index 
be fet to Xli as before, then turning on till 
the ifland of Jamaica comes to the meridian, 
it ifaews on the equator the hour after noon 
at London, when it is noon at Jamaica, or 
that London pafTes under the meridian 
-about 5 h. 4. min* before Jamaica arrives 
at it. 

Problem 
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Problem XIX. 
The fumrtier-folftice* 

240. kedifjr the globe to the extremity 
of the divifions for tne month of June ; 
then that part of the eartk's furface, which 
is within the northern polar-eircle, will be 
all illuminated by the fun, and the inha- 
bitants thereof will have continual day. 

^41. ]3ut all that (pace which is con- 
tsnncd within the fouthfern polar-circle, will 
be at tlie fame time iri the fhade, and have 
continual night. 

24i2. In this pofition of the globe, wc fee 
how the diurnal arches of the parallels of 
latitude decreafe, as they are rribre and more 
diftant froni the elevated pole. 

243. If any place be brought under tTie 
graduated fide of the ftfong br^fs meridian, 
and the horary ihdeX be fet to thdt Xll 
»wliich is mdft elfevdted, and if that place be 
brought to the weftern fide of the broad 
paper circle, the hofut* indet will fhew the 
time of fufit rifirig 5 and when nioved to the 
eaftern edge, the index points to the tirhe of 
fun fetting; the length of the day is ob- 
G 2 tained 
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tained by the time (hewn by the horary 
index, while the globe is turned from the 
caft to the weft fide of the illuminated difk. 

244.. Thus It will be found that at Lon- 
don the fufi rifes about 15 minutes before 
IV in the morning, and fets about 15 
minutes after VIII at night. 

245. Alfo at the following places it will 
be nearly at the times exprefted. 



LcngS 
ofDay« 
1l m. 
6 32 
9 4a 

to 38 
u o 

»3 36 



Cape Horn 

Cape of Good-Hope 

Rio de Janario in JSra 

zil, near the tropic of 

Capricorn 
TheiflandofSt.Thomas J 

at the eqnator J 

Cape Lacas,thefouther< 

rood point of Call 

fomia, at the tropic 

of cancer. 



1 
H 



o 

Rifing. 
h. m. 
8 44 
7 C9 

6 42 



12 



Setting, 
h. m. 
3 16 



51 
«9 



6 48 



Twi- 
light, 
ht m. 
2 35 
I 43 

I 23 
I 20 

« 35 



246. We alfo fee at the fame time, when 
the fun rifes at London, it rifes at the Ifland 
of Sicily in the Mediterranean, and at the 
Ifland of Madagafcar. 

247, And at the fame time, wHen the 
fun fets at London, it is fet^ing at the Ifland 
Qf Madeira, and at Cape Horn. 

248. And 
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248. And when it is fun-fetting at the 
Ifliand of Borneo in the Eaft Indies, the fun 
is rifing at Florida in America. 

Problem XX. 
Wintef-folftice. 

250. Reftiiy the globe to the extremity 
of the divifions for the month of December, 
or to 23 i degrees fouth declination. 

251. At this feafon it will be apparent, 
that the whole fpace within the fouthern 
polar-circle is in the fun's light, and enjoys 
continual day, whilft that of the northem 
polar-circle is in the fhade, and has con- 
tinual night. 

Then if the globe be turned as before, 
the horary index will (hew, that at the 
feveral places before mentioned, their days 
will be refpedtively equal to what their 
nights were at the time of the fummer- 
folftice. 

It will appear to be fun fetting at the 
time it was then fun rifing j and on the con- 
trary fun rifing at the time it then appeared 
to fet. 

* G 3 The 
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•m 

The tprreftrial horizpn, 

252. As has been defcribed art, 40. is 
a finall brafs circle with one diameter that 
paiTes through its center ; itfs circumference 
is divided into eight parts, which are marked 
with the initial letters of the mariners com- 
pafs, the four c^dinal points of th? horizon 
being diftinguiQied frotpi the reft ; this may 
be flipped fropi pple tq pole on the mpye- 
able meridian, an4 by this oceans be At to 
any plac? upon the globe. 

253. When the center of it is fet to *ny 
particular pl^ce, the fituatioii of any other 
places are feen with reip^dt to tha| placid ; 
that is, whether they be eaft, weft, north, 
or fouth) thus it reprefent^ th^ fcofible 
horizon. 

254. Its ufe will ftiew why the ftin apr, 
ppars at d^f^rent altitudes and aziqiuths, 
although he is fwpppfpd to be always m the 
fame place. 



Problem 
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Problem X3^I^ 

The fun's altitudQ a% oh(^Ty^d witU 
a terreftrial of viiakk hofi^Qtt. 

255. The altitude of ifee. fu^ is g?e^ter 
pr lefsj according as one of the parallel rigl^t 
lines or rays, coming j^oox the fua to. us, is* 
farther from or Qwrer tp our htyizoq. 

Apply the teirreftri^ hori;zor; tp Landon, 
the lun beins fupppftd in t^ie zeaith> oi on 
the ceijing diredly over the glplpe. 

256. I? then frqm London % libip J»|s 
vertically upwards,, tfee fun v^iil \^ feen froqa 
Londop in that lijje. 

257. At fyn riling, wlvsn LpadPP i^ 
broyghti to. the \ye.fli e^ge of tljp. bj;Qad 
paper circle, the fuppofcd lijae will be pjji- 
rallel to the terreftrial horizon, and from 
London wiJH b? ^eij fgei^V ^hp horizon. 

258. As the globe is gradually turned 
'£x)nx weft lowaiuiis lke> eaU, the horizon 
will recede &c^ ^e U99 whigrh palTes per- 
pendicularly upwards j for the line in which 
the im ¥Kas tkea fbep, iben^s to glide far* 
t^t aad £u«lici; %wobl (he* terceflrial hopiKoa; 
that is, the Ws. aitituds iacreaies as gca^ 

G 4 dually 



Digitized by 



Googk 



88 Description /md Usr ^ tiff 

dually as that line declines from the ter* 
reftrial horizon. 

259. When the horizon, and the line 
which goes from London vertically up- 
wards, are arrived at the ftrong brafs men* 
dian, the fun is then at his greateft or 
meridian altitude for that day: then the 
line and horizon are at the largeft angle 
they can make that day with each other, 

260. After which, the motion of the 
globe being continuedi this anglq betwecfi 
the terreftrial horizon and the line, which 
goes from London vertically upwards, coi^ 
tinually decreafes, until London arrives zX 
the eaftern edge of the broad paper circle, 
its horizon then becomes vertical again, 
and parallel to the line which goes vertically 
upwards, and will then appear i|i the hori^ 
zon, and be feen to fet. 

Problem XXII. 

The fun's meridian-altitude at three 
different feafbns. 

261. Reftify the globe to the time of 
winter-folftice, art. 250. and place the center 
of the vifible horizon on London, 

When 
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When London is at the graduated edge 
of the ftrong brafs meridian, the line which 
goes vertically upwards, makes an angle 
of about 1 5 degrees 5 this is the fun's meri- 
dian-altitude at that feafon to the inhabi- 
tants of London* 

262. If the globe be redlfied to the time 
of equinox, art. 233. the horizon will be 
farther feparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, which will be about 38^ de- 
grees ; this is the fun's meridian^altitude at 
the time of equinox at London. 

263. Again reftify the globe to the fum- 
mcr-folftice, art. 240. and you will find the 
viiible horizon recede farther from the line 
which goes from London vertically upwards; 
tnd the angle it then makes with the hori- 
zon, is about 62 degrees, which fhews the 
fun's meridian-altitude at the time of the 
fummer-foUtice. 

From hence flows the following arith- 
metical 



Pjrobiem 



Digitized by 



Googk 



|<^ , I)*fteiiPTioN md Use flf the 

Problem XXIIL 

Xp finij the flip's iveridioaal aid-, 
tude univerfally. 

264* Add the fun's declin^liop to the 
elevation of the equator, if ^l^e l%tot«de aad 
declination are hofk^ oq (he fame fi^e. 

If QQ contarary fidefi> f^bftrad: tl\e decli- 
nation f^om the elevation of the equator, and 
]K)u obtaut th^ fuas meridtaa-akkude^ 

o / 

Thus, the elevation of the equator at 2 „ q 

London f^S a* 

Sun's declination May ootk 20 8 

Their fum is the fun's meridian-ilti-7 ^ ^ 
tude for that day at London y^ ^ 

ii^ain, to the eleya^ion of th^ c(ju^t(?r'i g ^g 
at London X 

Add the fun's greateft decUnation at? 

the tirae of th& fummer-iolftice j ^^ ^ 

i i* Hit 

Their fum is the fun's greateft ^^""7 gj 
dian-altitude at London, - J ^' 

Whence alfo flows another method. 

To 
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Tq find the fun's gre^tqft ^ le^ft 
altitude yi^ivefjfaUy, 

265. Add the fun'is decIinaLtion t;o and 
fubftraft it from the elevation of the equa- 
tor, their fum and difference will be the 
fun's meridional altitudes, when he |iath the 
feme declination either north or fouth. 

Thus, tpaod from th^ efcvatiwi of) g ^ 

the equator 1^ 

Add arid fubftradl the fun's decli-7 
'nation. i*° ^ 



tude in fummer 



Their furn is. the fun's mfridian-^Iti- 1 « g 

Their difference his mjei?}di^n-aHitudj? ? g ^^ 
in vfixip^ ^ 



haying the fame decfination one north, 
the other fouth. 

Problem 3fXIV. 

The fun's azimuth Gomparedwith 
the vifible horizon. 

2^6. laugioe ^e iun^ as we l^y$ dop.^ 
bp(qrei to be ps^^ on t^ejC^iiipg fi^f<^y 

over 
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over the globe, art. 218. and a line going 
vertically upwards towards the fun from any 
place on the furface of the globe. 

If to that place you apply the vifible hori- 
zon, that point of it which a vertical line is 
neareft to at any time, fhews the fun s azi- 
muth at that time : and we mud alio ob- 
ferve, that that point of the terreftrial or 
vifible horizon, to which a vertical line is 
neareft, is always the moft elevated point. 

267, Rcdlify the globe to the pofition of 
a right fphere, art. 233. and apply the vifi- 
ble horizon to London. When Londpn is 
at th? weftern edge of the broad paper cir- 
cle, which fituation reprefents the time 
when the fun appears to rife, the eaftern 
point of the vifible horizon being then moft 
elevated, fhews that the fun at his rifing is 
due eaft. 

Turn the globe till London comes to the 
eaftern fide of the paper circle, then the 
weftern point of the vifible horizon will be 
moft elevated, and fhew that the fun fqts 
due weft. 

^ 268. If the globe be redified into tl^e 
pofition of an oblique fphere, and London 
be brought to the eaftern or weftern Me of 

the 
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the broad paper circle, the vertical line will 
depart more or lefs from the eaft and weft 
points: in which cafes the fun is faid to 
have more or lefs amplitude either north 
or fouth, as this departure tends to either of 
thofe two cardinal points. 

As the globe is turned to any particular 
time of the day, we fhall have the fun's 
azimuth upon that point of the vifible hori- 
zon which is mod elevated, and this will 
be the point where a line going towards the 
fun is neareft to a vertical line ; thus if a 
line going towards the fun be neareft the 
fbuth-eaft point, the fun is then faid to have 
45 degrees azimuth eaftward, that point 
being 45 degrees from the meridian. 

269. In all pofitions of the globe in north 
latitudes, when London is brought to the 
graduated edge of the ftrong brafs meridian^ 
the moft elevated point of the vifible hori- 
zon will always be the fouth point of it, 
which (hews, that the fun, at aU feafbns of 
the year, will appear to the Ibuth of the tcr- 
reftrial horizon in all places included in the 
northern temperate zone ; but to the north 
-of it at thofe places within the fouthern 
temperate zone. 

270. The 



Digitized by 



Googk 



94 DBSCRiPttotj and Uss tf ihe 

«70i The ancient diftiniElion of thfe 
different pidces on the earth, at- 
cbrdihg to the diverfity of their 
hoon-fhadows. 

Problem XXV. 

The afciij or thofe who projfed no 
{hade at nocHi 

271. Redify the globfe by problem xix, 
art. 240. to the time of the fmtimer-ibl- 
ftice, and apply the terreftrial horizon to 
any place fituated on the tropic of cancer, 
as Kanton in China, and obferve the fun's 
meridian-altitude with it, by bringing its 
center under the graduated edge of the 
ftroBg brafe meridian, art, 25 5* it will then 
appear^ that a line going vertically upwards, 
will be perpendicular to it, confequently 
the fun will be at that time diredly over 
the heads of the inhabitants of Kanton, ahd 
projeft no (hadow; therefore they are 
afcii, their xKX)n-£hadow being dire&ly under 
them. 

272. At 
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272. At all other times of the day their 
(hadow is prc^^led, in the morning diredly 
weft, and in the evening diredly eaft. 

273. The feme thing will happen to all 
the inhabitants, who live betvTcen the tropic 
of cancer and that of Capricorn, if the ter- 
reftrial horixon be gradually removed from 
parallel to parallel Withitl thefe limits, and 
the globe rectified according to the day of 
the month as before dircded j by brihging 
the fenfible horizon to the graduated fide 
of the ftrong brafs meridian, to obferve the 
fun's meridians-altitude, we fhall find him 
appear to be 90 degrees high or vertical at 
noon to every place between the tropics ; 
all the inhabitants being afcii twice a year, 
except thofe on the tropics themfelvcs, who 
are afcii only once a year. 
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Problem XXVI. 

The inhabitants of all places be- 
tween the tropics of cancer and 
Capricorn, are not only afcii, but 
amphifcii, whofe noon-fhadows 
are projeded fbmetimes towards 
the north, at other times towards 
the ibuth. 

274. Place the fenfible horizon on the 
equator, and redtify the globe to the time 
of the equinox, art. 223. at which time the 
equatorial inhabitants are afcii at noon, 
having the fun full eaft of them all the 
morning, and full weft all the afternoon. 

275. The eaftern point of the vifible 
horizon will be always uppermoft, or moft 
elevated, as thtf globe is moved from weft 
to eaft, till it comes to the ftrong brafs 
meridian ; and after it has paffed this, the 
weftern point vnll be moft elevated. 

276. The fenfible horizon remaining on 
the equator, redtify the globe to the time 
of the fiimmcr-folftice, art* 240. and you 

wiU 
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will find the north point at noon will be 
moft elevated; which plainly fliews, that 
the inhabitants of the equator will fee the 
fun full north at that feafon, and that their 
fhade will be projected fouthwards. 

278. If the globe be redified to the 
winter-folftice, the fouth point will be moft 
elevated, and the inhabitants will fee the 
fun on their fouth fide, which will projcdl 
their (hadows northwards. 

279. Heterofcii, are thofe who live be- 
tween the tropics and polar-circles, whofe 
noon {hadows are projeded one way only. 

Thofe in north latitude have their noon 
fhadows projedlcd northwards; the fun at 
that time being always in the fouth. 

And thofe 4n fouth latitude have their 
noon-tide fhadows projected fouthwards; 
the meridian fun always appfearing to them 
in the north. 

- 280. Perifcii are thofe who live within 
the polar-circles, the fun going continually 
round them, their . fhadow muft necefTarily 
go round them alfo. 

If the fcnfible or terrcftrial horizon be 

applied j» any of thefe plia:es, and the globe 

rc(3ified «:cording to the preceding direc- 

H tions. 
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tions^ k Witt Aie^r, tfaattbe fiw appears lo 
be more ekvated at one time of die daBf 
than at anotbd:;. and alio, which way at 
all timet tbe nooa and cdier ihadows art 
caft. 

281. AfttdPd i^re two oppofitc ntdons 
tying m or near the £ime meridian^ one of 
^m in north, the other in fonth latitude; 
ih^ have both the iaoKS longkude, and 
equal latitudes, but on oppofite fides of the 
equator. 

. 282. Periasci are two nations ficuated on 
oppoike fides of the globe^ in the fame pa« 
rallel of latitude. 

Therefore their longitudes mufl differ 
180 degrees. 

283. Antipodes are two nations diame- 
trically oppofite. 

284. A ftrait line pafikg from one fo 
the other muft confequently pa& throng 
the center, and therefi^re beoome adtaiaoeter 
of ^ globe. 

Their lottgkudes and laiitudet are both 
oppofite. 

285. Thefe ore exeoipUfied t^ nOc^^g 
the globe into die pofition of a riglft f^tisM^ 
art. 233* and bring^g the naiiona uimIr' 

confideration 
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. The inhabitants of the eaftern parts of 
Chili are Antaeci to thoie of New England 1 
whoie PeriflBci live in the northern parts of 
Cbtwii who %n aifo Antipodes tQ the inb^!^ 
bitiuitspf Chili. 

We fhalj now pf Qeec4 to exemplify thp 
Ibcfn^ precepts m a few particular pror 
blcms. 

Problem XXVIL 

To fiq4 all thofe places pfl the globe^i 
oi^er whok x&aith the fan will 
pa6 on any given day. 

2i6. Redify the terreftrial globe, Mt 
224. by brining the gi^ea day of die 
month, on the backfide of the ftrong brais 
tnerifiian, to coincide with the plane of the 
broad-paper circle> and obferve the eleva^ 
tion of the pole on the odier £de, and that 
degree counted from &c equator oq the 
ifarong brais meridian, towards the elevated 
pole, is the point over which the fun is 
vertical. Now turning the globe, all thofe 
H 2 places 
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places which pafs under this point, have the 
fun diredlly over their heads on the given 
day. 

Thus bring the 1 1 th day of May, into the 
plane of the broad- paper circle, and the feid 
plane vvrill cut 1 8 degrees for the elevation of 
the pole, which is equal to the fun s decli- 
nation for that day ; which counted on the 
ftrong brafs meridian towards the elevated 
pole, is the point over which the fun wdll be 
vertical. Now turning the globe round, we 
(hall find that Amalagan, one of the Ladrone 
iflands, the northern part of Manilla, the 
middle of Siam, a great part of Africa, and 
St. Anthony, one of the Cape Verd Ifles, the 
Ibuthern fide of the iflands Porto- rico and 
Domingo, and the northern part of the 
ifland of Jamaica, &c. have all of them the 
fun in their zenith on the nth of May. 

Hence when the fun's declination is 
equal to the latitude of any place in 4)hc 
torrid zone, the fun will be vertical to thofe 
inhabitants that day. 

Hence alfo we derive the following 



Problem 

Digitized by VjOOQ IC 



Cekfiial and Terrefirial pLOBES. loi 

Problem XXVIII. 

To find the fun's declination, and 
thence the parallel of latitude cor- 
refponding therewith, upon the 
terreftrial globe. 

287. Find the fun's place upon the broad- 
paper circle for any given day, art. iS. and 
feek that place in the ecliptic line upon the 
globe; this will (hew the parallel of the 
liin's declination among the dotted lines, 
which is alfo the correiponding parallel of 
latitude 5 therefore all thofe places through 
which this parallel pafles, have the fun in 
their zenith at noon on the given day. 

Problem XXIX. 

To find thofe two days on which 
the fun will be vertical to any 
place between the tropics. 

288. That parallel of declination which 
pafles through the given place, will cut the 
ecliptic line upon the globe in two points, 

H 3 which 
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which denote the fun's place, againft which, 
on the brpad-pipfer circle^ arc the days and 
months required. 

Problem XXX. 

The day and hour at ^}\y place 
being given, to find where the 
fun is vertical at that tirtie. 

289. Let th* p^tti place be LonJdon, and 
time tli6 tith day cf* May iat 4 nt&iutes 
|)ftft V m the afternoon. 

Reftify the globe to rfie day of the 
toonth, art. 224. and you have difc (wi% 
declination 18 degrees north ; bring L6«i^n 
to the meridian, and fet &e horairy index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paft-V, then Port-Royal in Jamaica will be 
under the 18th degree of the graduated fide 
of the ftrong brafs meridian, wluch is the 
place where the fun is vertical at that 
inilant. 
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Problem XXXI. 

T!ie time «f tfee day at sway one 
place being given, to find ail 
thofe places in which the fua 
is thea riidag, iktii^ ma. the 
meridian, and wbere he is verti- 
cd; likewife thofe places Xherc 
it is midnight, twilight, and dark~ 
ffligbt, at the (anie j&ftant; as 
well as thofe places 'ns wiiich the 
twilight is beginning and endings 
and alfo to iiad the fun's altitude 
at any hour in the iUuisHnaQed, 
and hie dejn-effioa in 4:he •o^sicanB 
. bemilphere. 

290. Rectify the gldbe to the day of die 
mooth, art. 224. on the "backfide of <he 
ftrong brals meridian> and the fun'-s dedi- 
nation for &2t day, wliicb is equal to die 
elevation of die pole, is given upon the gra- 
dtt3ted fide of die bra& meridian, by its 
H 4 coinci- 
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coincidence v{i\\i the plane of the broad- 
paper circle ; bring the given place to the 
graduated fide of the ftrong brafs meridian, 
and fet the horary index to XII, upon the 
equator, turn the globe from weft to eaft 
until the horary index points to the given 
time. Then, 

All thofe places which lie in the plane of . 
the weftern fide of the broad-paper circle 
fee the fun rifing, and at the fame time 
thofe on the eaftern fide of it fee him 
fetting. 

It is then noon to all the inhabitants of 
thofe places under the upper half of the 
graduated fide of the ftrong brafs meridian, 
whilft at the fame time thofe under the 
lower half have mid-night. 

All thofe places which are then between 
the upper furface of the broad-paper circle, 
and the wire-circle under it, are in the 
twilight, which begins to all thofe places 
on the weftern fide that are immediately 
under the wire-circle; to them it is the 
dawning of the day ; its end is at all thofe 
places in the plane of the paper-circle on 
which the fun has juft begun to rife. 

The 
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The contrary happens on the eaftern 
fide ; the twilight is juft beginning to thofe 
places in which the fun is fetting, and its end 
is at the place juft under the wire-circle. 

And all thofe places which are under the 
twilight wire-circle have dark night, unlefs 
the moon is favourable to them. 

All places in the illuminated hemifphere 
have the fun's altitude equal to their diftance 
from the edge of the enlightened dilk, 
which is known by fixing the quadrant of 
altitude to the zenith, and laying its gra- 
duated edge over any particular place. 

The fun's depreffion is obtained in the 
iame manner by fixing the center of the 
quadrant at the nadir. 

Problem XXXII. 

To find the time of the fun's rifing 
' and fetting, the length of day and 
night on any day in the year in 
any place, whofe latitude lies be- 
tween the polar-circles, and alio 
the length of the fhorteft day and 

night 
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night ift any of thofe latitudes, 
and the dimate ihcj are in. 

291. RetSify the txleflial gfobe to the 
tatitode of the grren place, art. 166; bring 
the artificial fim to hie place in the •cd^^tic 
for the given day <if Ae month j and then 
bring its <:enter ander the gntdkiated fide 
x£ the ftroag braife meridian, and &t ^ 
borary indea: «o diat }Q[I vrliich is moft 
derated. 

Then bring the center of the artificial 
fun to the caftem part of the feoad-papcr 
ttrde, whidh in l3iis cafe reprefents the hori- 
zon, and the liorary index (hews Ac -fime 
of the iun-rifing j turn the artificial fim to 
the weftem fide, and die horary index will 
fhew the dme of ihe fiin-fetdng. 

Double the time of fun-rifing is the length 
of the night, and the double of that of fun- 
fetting is die length of die day. 

Thus on the 5th day of June, the fun 
riies at 3 h. 40 min. and fets at 8 h« 10 m. 
by doubling each number it will ajppear, 
that the length of this day is 16 h. 40 m. 
and that of the nighty h. 20 m. 

The 



Digitized by 



Googk 



The longeft day at all places in north 
latitude, is when the fun is in the firft point 
of cancer. And, 

The longeft day to thdfe ki fduth lati- 
tude, is when the fun is in thefbrft point of 
Capricorn. 

Wherefore the globe heing reSificd as 
dbove, and the artificial fun placed to the 
firft pcont of cancer, and brought to the 
eaftern edge of the broad-paper circle, and 
tiie horary index being fet to that XII which 
is mod elevated, on turning the globe from 
eaft to weft, until the artificial fan coincides 
with the wefterta edge, ^ number of hours 
counted, which are pafTed over by the horary 
index, is the length of the longeft day; 
their cona|>lement to twenty-four bours^ves 
the length of the ihorteft ni^. 

292. If twelve hours be fubftradiad 60m 
die length of the lof^geft day, and the re« 
maining hours doubled, you obtain ^c cli* 
mate mentioned by ancient hiftorians. 
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Problem XXXIII. 

To find all thofe places within the 
polar-circles, on which the fun 
begins to fhine, the time he ihines 
conflantly, when he begins to 
difappear, the length of his ab- 
fence, as well as the firft and laft 
day of his appearance to thofe 
inhabitants. The day of the 
month, or latitude of the place, 
being given. 

293. Bring the given day of the month 
on the backfide of the ftrong brafs meridian, 
to the plane of the broad-paper drcle, the 
fun is juft then beginning to fliine on all 
thofe places which are in that parallel, jufl 
touched by the edge of the broad-paper 
circle} and. will for feveral days feem to 
ikim all around, and but a little above the 
horizon, jufl as it appears to us at its fetting ; 
but with this obfervable dif!erence, that 
whereas our fetting fun appears in one part 

of 
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of the horizon only, by them it is fepn in 
every part thereof; from weft to fouth, 
thence eaft to norths and £0 to the weft 
again. 

294. Or if the latitude was given, elevate 
the globe to that latitude, and on the back- 
fide of the ftrong brafs meridian you obtain 
the day of the month, then all the other re- 
quifites are anfwered as above. 

295. As the two concentric fpaces'which 
contain the days of the month on the back- 
fide of the ftrong brafs meridian, are gra- 
duated to fhew the oppofite days of the 
year, at 180 degrees diftance, when the 
given day is brought to coincide with the 
broad-paper circle, it (hews when the fun 
begins to ihine on that parallel, and the 
plane of the faid broad-paper circle cuts the 
day of the month on the oppofite concentric 
ipace, when the fun begins to difappear to 
thofe inhabitants ; thus the length of the 
longeft day is obtained, by reckoning the 
number of days between the two oppofite 
days found as above ; and their difference 
from 365 days gives the length of their 
longeft nights 

The 
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The firft tad lail day of his appearance 
on that circum-pokF paiaHel, aft diofe ex« 
prefled by the oppdfite days -, his continuance 
to ihine on thofe places is the length of 
dieir iongeft day, and his abibice from ^m 
is the length of their ihorteft night. 

Problem XXXIV. 

To find the length of any day in the 

year, in any latitude. 

296. Ekvate the cekftial ^ohr t» $kiii 
ktltudi^ ^d ^ fikf center of )die arti^cj^ 
Si^ to his pi$K>e upoa the pcliptic lineofi 
the globe for the g^ven 49y» aB4 hrifiig^its 
eenter lo the gradiiated &1^ c^ the ftr^g 
hrafs n^eridiai), plying ^e horary inde^ to 
that XII which is n^oil elevated s the^ t^n 
the globe till the arti^ial fun cuts the 
caftera edge of the broad-paper circle, and 
the horary index wMl ibew the time of fiiHr- 
rifing ; turn k to ihs weftem fide and y€m 
obtain the horn: of fun-*ietting. 

The lengdi of the day and ni^t will be 
obtained, by doubling the time of fun-rifing 
and fetting, as before. 

Problem 
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I^ROBLEM XXXV. 

To find the length of the longeft 
and fhorteft days in any latitude. 

297. Elevate the globe according to the 
latitude, art. i66. and place the center of 
the artificial fun for the bngcft day upon 
the firft pcont of cancer, butfw the fhorteft 
Awf on the fiift point of Capricorn, dieii 
proceed as in the laft problem. 

29s. But if the place hath Ibtith ladtude, 
the fun is in the firft point of capiicorh on' 
Aeir longeft day, and in the firil fokit of 
cancer on their fliorteft day. 

Note, This pr6i:4em is only to be ulcrf 
in fuch latitudes as lie between the northern 
and fouthem polar-^ircleA. 
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Problem XXXVI. 

To find the latitude of a place, in 
which its longeft day may be of 
any given length between twelve 
and twenty-four hours. 

299. Set the artificial fun to the firft 
point of cancer ^ bring its center to the gra- 
duated^ fide of the ftrong brafs meridian, 
and put the horary index to XII ; turn the 
globe'.thrit points to half the number^of 
given hours and minutes 5 then elevate or. 
deprefs the poles, till the artificial fun coin- 
cides with the Jard^dTpaper, circle, and, that 
elevation of the pole is the latitude required* 

Problem XXXVII. 

To find the diftance between any 
two places. 

300. Lay the graduated edge of the qua- 
drant of altitude over both places, and the 
number of degrees between them is their 
diftance, which is reduced to geographical 

miles. 
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i^ileS) by reckoning 60 to a degree; or 
to Englifli miles reckoning 69! to one 
^iegree. 

Problem XXXVIIL 

To find all thofe places which are at 
' the fame diftance from a given 
place. 

301. Redify the globe by problem XII, 
art. 166. and bring the given place to the 
ftrong brafs meridian, over which Icrew 
the center upon which the quadrant of 
altitude turns 3 now move the quadrant 
round, and all thofe places, that are' cut by 
any one point on the quadrant, are equally 
diftant from the given place. 

Probx^em XXXIX. . 

To flicw at one view upon the ter- 

•' reftrial "^be for any given place, 

, the fun's meridian altitude, his 

amplitude or point of the com- 
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pafe, on which he rtfe^attd fets 
every day in the year. 

302. Reftify the globe to the latitude, art. 
1 66. of the given place > bring that place to 
the ftrong brafs meridian, and fet the horary 
index to XII, fcrew the quadrant of altitwde 
to the zenith of the broad paper circle, you 
will at one view fee the fun's meridian 
altitude on every degree of the fun's decli- 
nation for the whole year, cut by the dotted 
parallels on the graduated edge of the qua- 
drant of altitude ; alfo thefe dotted parallel* 
at the fame inftant cut the edge of the broad 
paper cii^^le now reprefenting the horizon^ 
in the point of the compafs or amplitude, 
on which the fun is fecu to rife on the eaft 
or to fet on the weft fide of the horizon, fox 
every degree of declination throughout the 
year. 

303. If jDik trace atoiy of tbofe parallels 
to the ecliptic line, you have the fun's place 
when he is upotithat decimation, andthetice 
the day and month upon the broad paper 
circle. 

304. Alfo,' knowing the {un*s place in 
the ecliptic line, that fhews the fun^s decli- 
nation 
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Qtftion for &at time amongft die dotted 
parallels. 

Problem XL. 

To £hew at one view upon the 
terreftrral globe the length of 
the days and nights at any par- 
ticular place, for all tioKs of the 
year. 

305. Redify the globe to the latitude of 
the place, art. 166. and the broad paper 
circle will reprefent the horizon, and the 
upper parts of the dotted parallels of decli- 
nation, which are here alfo parallels of lati- 
tude, will reprefent the diurnal arches. 

Whence we may obtain the nunjbcr of 
hours each of them contain, which is the 
folution of the. problem. To illuftrate which, 

306. Elevate the globe to the pofition of 
a right Iphere, art. 233. and you will with 
qne glance of the eye, fee that all the dotted 
parallels of declination, as well as the equa- 
tor itfelf, are cut by the broad paper circle 
into two equal parts. 

I z 307. There- 
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; ^o'y. 'Hierefore the iAhabltaritS oh the 
cquinodtial line have their days and nighta 
twelve hours long ; th^t is, the fun is never 
more nor never lefs than twelvt hours above 
their horizon, during his apparent paflage> 
from the tropic of cancer to the tropic of 
Capricorn, and thence to cancer again. * 

308. All the fixed ftars have the fame 
apparent motion to the equatorial inha- 
bitants ; that is, they rife and fet, continue 
above and are depreffed below the horizon 
of any place upon the equator, exaftly 
twelve hours. 

309. Raife the north pole of the globe a 
few degrees of latitude at a time, and you 
will fee the diurnal arches will increafe in 
length, until the pole is elevated to 661 de^ 
grees above the horizon: then the parallel 
of the fun's greateft declination will be a£ 
far from the equator as the place itfelf is 
from the pole; and this parallel is the tropic 
of cancer, which will juft touch the horizon 
in the north point, 

310. And on the toritrary, we may ob- 
ferve, that the fouthern parallels of decli- 
nation continually ^fhorten, as the northern 

bncs 
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Qoes length^Hit uiicil they come: ito- the tropic 
9f Capricorn, , 

3 U • Redtify the globe to the latitude of 
Iroijdoii 51^ degrees north : when the fun. 
is in the tropic of cancer, the d^y is about 
l6i hours, a8 he recedes from thence, the 
days fhorten, as the lengths of the diurnal 
arches.. of the parallels ihortenj until the 
fun comes to Capricorn, and then the days 
are at the fhorteft, being of the. fame length 
wkb tl^e nights, when the ilin was in cancer, 
viz. about 7I hours. 

3 1.2. -Rcdify the globe to the latitude of 
the northern polar circles, and you will find, 
when, the fun is in cancer, he touches the 
horizon on that day without fetting, being 
completely twenty-fbiir hours above the 
hptizon : and when he is in Capricorn, he 
ofice appears in the. horizon, but does not 
rife for the fpace of twenty-four hours 5 
j^hen^he is uppna^y other parallel of decli- 
nation, the days are longer or (horter, as 
that parallel is nearer to c»: farther from the 
«qu^tor. 

313. Elevate the globe to the latitude of 

80 degrees north, at which time let the 

fun's declination be i o degrees north, he 

. r I 3 then 
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tiMi apparendy ieems to twn raood ab^iw 
the horizon without fetting^ and never fet& 
jfrcm diis p^nt to Gancer^ until in his return, 
after he has again pa^^ this parallel of 
declination. 

314. in the fame manner when his iledi-^ 
nation is 10 degrees fouth, 1^ is juft feen at 
noon m the horizon, and difiippears from 
ihA time in his foutherljr motion^ till hi» 
recuf n to die fame pc^m. 

315. Elevate Ae north p(^ to 90 degree! 
or in the zenith, then d» globe ^11 be iri 
the poiitbn of a parallel fpiiere, and the 
equiho£ti^ line will coincide widi the plane 
ef the hcri2X)n, conle(|ueDtly all the nor^erfi 
piu-atlek ere ^bty^^ and aS iSm foodiem 
parallels bebw the horieon 5 therefore <ke 
pdlaf inliabkanCB, if any dKfel>e, have but 
erne 4fty and iMt ni^t throughout die yea^ y 
their day when Che fun is in Irs nordiem,, 
a^ dieir night when 1^ is ia hj$ £)iNlham 
declination. 

This method ^ rcai%«g the g^ofce fcwr 
nordi latitude holds good in fouth latkudft 
alfo, by elevdcing the ibuth pole. 

Problem 
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To find what .conftellation any re- 
markable ftar, feen in the firma- 
ment, belongs Ao. 

316. Bring the fuo's place in the ecliptic 
for that day to the ftrong brafs meridian, 
aiKl ilet the horary index ito^t Xj^I ^which 
is mc^ iQlevftbed) the .c^lei3;ial globe bei^g 
rc^ificd *Q ^ latiMe, \mxi th^ globe till 
it:pmi«p rto ^ ip«^sm hour) aijd, j|?y the 
h^ of'Che jmariners coto^^ aod ^tending 
to thss rariaticm, fet dine ^nordii jHJle of 
the gbbe towards .the nocth pol^ of the 
htaKTCDs. 

The ftar upon ^e ^obe (if you conceivB 
youdelf in the center) which direds towards 
that point in die heavens, in whic^ the 
flar you want to know is &en, is 4iie flar 
required. 

Ac ^ fame time, by compaitng die ftars 
m lhe4)eaven6 with^&ofe upon the globe, 
the o«iier ftars and their Gon(U41a|:ians may 
be eafily known; whereby you will be 
enabled any ibr-light night, to point out 
I 4 many 



Digitized by 



Googk 



t26 DescripTio!* and V^£ cf'tSi 

many of thofc ftars called correfpondents to 
various places on the earth. 

Problem XLIf.. 

To find at what hour any known 
ftar pafles the meridian on any 
day in the year^ 

317. Redlify the globe to the latitude, 
art. 166. and fet the artificial fun to his 
place in the ecliptic, bring its center under 
the graduated fide of the ftrong brafs meri-* 
dian, and fet the horary index to XII, then 
turn the globe till the ftar comes to thd 
meridian, and the horary index will point 
upon the equator the hour on which that 
ftar will be upon the fouth part of the 
meridian. 

If you turn.the globe 00 till the center of 
the artificial fun: is under that graduated 
fide of the brafs meridian, which is below 
the elevated pole, all thofe. ftars, wjiich arc 
then cut by that fide of the meridian above 
the faid pole, will tranfit the meridian at 
midnight. 

-tw . .. ; • : ' 

Problem 
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Probiem XLIII. 

To find on what day of the year 
any ftar pafles the meridian at ariy 
propoled hour of the night. 

318. Bring the ftar to the graduated fide 
of the ftrong brafs meridian, and fet the 
horary index to the propofed hour» then 
turn the globe till the index points ta 
XII, and that degree on the ecliptic^ 
which is cut by the meridian, i» the funs 
place, againft which, in the kalendar upoix 
the broad-paper ^ circle, is the day of the 
month. 

Problem XLIV. 

To trace the circles of the fphere in 
the ftarry firmament. 

319. We fhall folve this problem for the 
time of the autumnal equinox, becaufethat 
interfediion .of the equator and ecliptic will 
be diredly under the depreffed part of the 
meridian about midnight, and then the 

oppofite 
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oppofite interfedHon will be elevated above 
the horizon; aad afib becat^ our firft 
meridian upon the terreftrial globe pacing 
through London^ and die firft point of arieg. 
Wlien hdch gldies ait retSifial to the lati- 
tude of London^ and to the fiin s place by 
problem XII, art. i66. 167. and the firft 
point of aries hrov^t under die graduated 
fide of e2Kiix)fl^eirtiieridians, we.ftaU hatife 
die'tQTMfJDondmg )£«ce of tbe jbeavens^wd 
the earth reprofented, as they 4tre with fe^ 
^)ed: to eibch <Hber at diat time, and the 
principal drdes of each ff^fe ^wtU cqr-^ 
f e(%fQnd with each othcn 

320. The horizon is then diftinguifhed^ 
if we begin from the north and count iWeftn 
ward, by the following conftellations > the 
hounds and waift of Bootes, the northern 
crown, the head of Hercules, and (houldera 
of Seipentarius, Sobieflri s ftiield, it pa^ tt 
little below the feet of Antinous, and 
through thofe of Capricorn, through the 
Sculptore's frame^ Eridanus, the ftar Rigell 
in Orion's foot, the head of Monoc^Qg^ the 
crab, the head of tibe lUtle lion, and lower 
part of the great bear. 

321. The- 
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921 « The mnidMn h then repreientod by 
£iir 4quim3id ahre^ which pafies itirough 
the &%x marked i^ in the tail of die little , 
foetr, under the north pde) ^ pole flar^ 
one of the Aars in die back of Ca[ffiopea*« 
chair marked iS, die head of Andromeda^ 
xht bright ftar in the wing ^ Pegafns 
ciurked % and the extremity of die tail ^ 
the whale. 

322. ^tbe equator y that part of it which is 
then above the horizon, is reprefented on 
die weftern fide by the nordiem part of 
Sobiefki's Shield, the ftioulder of Antinous, 
the head and veflel of Aquarius, the beWy 
of die weftern fifli in pifces ; it pafles 
through the head of the whale and bright 
ftar mariccd ^ in the comer of his mouth, 
and thence through the ftar marked ^ in 
the belt of Orion, at that time near the 
eaftem fide of the horizon. 

323. 7%? ecliptic, that half of it which is 
*then above the fiorizon, if we begin from 
the weftern fide, prefents to our view ca- 
pncorntts, aquarius, piices, aries, taurus, 
gemitu, -and ' a part of the conftellation 
cancer. 

. 324. The 
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To find the time of the iiin s eatry 
into the firft point of libra or 
aries; and thence that point in 
the equator to which the fun is 
vertical at either of thofe times. 

331* This requires the knowledge of a 
ijiLbridiaa doat (hall pafs through that point 
in, the equator, to which the fun is vertical 
at the time; of equmox > but as this point 
is variable, a fixed meridiaa mud be 0rft 
obtained.. 

332, In Anno Domini r/JJ, the late 
Rev. Dr. Bradley obferved the fun to enter 
libra September zid. 10 h. 14 min. after- 
noon^ new ftile^ at. xht Royal Ofe^erv^ory 
9t Greenwich. • 

333. As the earth's diurnal motion i** 
from weft to eaft, it caufes all places to the . 
eaft of any odier place to pafs firft under' 
the fun ; therefore when the meridian of 
Greenwich paffed under the fun that day/ 
he was not then arrived at the interfeding* 
point of the earth's equator and celeftial 

ecliptic 



Digitized by 



Googk 



Cikftisl and H^rr^hrid OloMS. 1 27 

ecHptky but wanted 10 h. 24 mm. which 
K oepial to t^t degrcea^ 

334. Whence t]^ fixed « firft maidiao 
foii^^ is thus obtained, and lies 10 h. 
34 miti. in time, or 156 eqmtorial de^^rees 
weft of the R<y^ Obiervat^Hy at Greear 
wkh. 

335. This mendtan is marked by a dotted 
J&ne on oar new terreftri^l gk)be> k paflei 
through the great Pacific Sea, and ^croffes 
one of the Ides of St Bernaid and the Ifle 
dea Mouches, 

The next thing to be confidered is the 
iheareft mean length of a tropical year, which 
is a determinate fpace or interval of time 
hetweeiv one equinox and another, be it 
either vernal or autumnal. 

336. W6 take for our radk the syutum*- 
nal equinox, anno 706 of the JuKiin period^ 
which we call anno mundi o, and com<- 
pute from Thurfday OQl. 25th, o h. o min. 
or noon, the fun being then fuppofed to be 
in the firft point of libra on the meridian 
before mentioned, and vertical to that point 
of the equator which lies 1 56 degrees weft 
of Greenwich. 

And 
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i And alfo iiv the meridian of Greenwicki 
0<a. 25th, ID h, 24 m. upon the 298th 
day from the calends of January. 

• 337. The tropical year thus reckoned 
exceeds the Egyptian year 5 h. 49 min. 
and is but 1 1 minutes fliort of the Julian 
year j (b much being annually allowed for 
the retroceflion of the equinox, confequently 
the mean length of a tropical yt2kX is 365 d. 
5 h. 49 min. 

3^8. We are induced to meafure time by 
this quantity, bccaufe aftronomers unani- 
inoufly agree, that the earth pafles through 
all the figns of the ecliptic, fo as to complete 
the circle in 365 d. 5 h. 49 min. 

339. See the refpeftive tables of Rudol- 
phus^ Tycho Brahe, Caffini, Sir Jonas More, 
Mr. Flamfted, Dr. Halley, Mr. Meyer, 
and Mr. Mafkelyne j whereby it will appear 
that. 
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The fun's mean motion in' 

365 days is ^ II 29 45 40 



in 6 hours ^4 47 

o o 27 
Subftradt, for retroceffion, ) 

the fun*s mean motion^ 27 

in II minutes of time J 



The quantity of one Julian | , 
year is 13 5 

from which fubftradt the 7 
retroceffion J 



d. h. m» 
6 o 



II 



Therefore the remainder ' 365 5 49 
completes the circle, and not one fecond 
minute of time more or lefs can be produced 
from any tables extant. 

340. And the difference between calcu- 
lating downwards from the epoch A. J. P. 
706, and calculating backwards in the mo- 
dern pradlice from the various epochs in the 
moft celebrated taUIes is, that in tliofe laft 
epochs the II mmutes of retroceffion have 
not been confidered. 

K 341. From 
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d* h* nun* 
341, From th? vernal to thel g, 

autumnal equinox j ^ ^^ 

From the autumnal to the] ^ jj 

vernal equinox 3 7 7 5 

365 S 49 

342. The equinoxes regularly fall every 
year 5 h. 49 min. later in the day, than 
in the preceding year» and at the end of 
every ailhual motion of the eaith the equi- 
noctial interfedion changes its meridian 
weftward of that in which it fell the year 
before, juft 87 deg. 1 5 min* 

Precepts for the ufe of the tables 
of retrocellion and autumnal 
equinoxes. 

343. Firft, Find the number of years 
from the radix, viz. If the given year is be- 
fore the Chriftian i^fa fubftradt it from 
4008, the remainder is the year from the 
radix. 

344. Secondly, If any year (ince the 
Chriftian -ffira be given, add it to 4007, their 
fum is the year from the radix. 

345, Thirdly, 
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345; TWrSlyi QoWkOt tUfe ikye, hours, 
dtid niiriutes bt i-ciffofceffioHi and autumnal 
equinaifcs fronl tfie table, ^cof-ding fo the 
number «f years froih the radix,' in theu- 
fahdsi hundreds, tehs, arid uttits ; Jldd thefe 
ifito two fum§, the firft will be the fetro- 
ceffioti, the fetdnd the fitiie of the eqfuiridiEi 
ill that rtierididrt Which lies 156 digress 
weft of Greenwich Obfervatory j tb which 
add ID h. 24 m. and you obtain the time at 
Greenwich. 

346. And for any other meridian alfo, if 
ydu add its difference in time from the fixed 
m^ridiaiK. 

347. Solar tropical years thus recfc^n^d 
begin and end ^ the autttmnil equinox, and 
^ Juliah yeaf^ begifl arid eM at the 
teliferidsof jaflUsfTy* 

j[48. In comparlttg foidr tfopical yeafs 
with Julian yfe^f-s, fey which We ftiil colii(- 
jHttft timfe, ohfervei, that the hft nine rnoriths 
df rthy folar tropical year, anfwef to the firft 
niHe Wohihi of that Juliatn year with Whifeh 
it is c6!m^red; and tihat the firft three 
K 2 months 

* The kalends of January begin from the noon 
of the preceding day; that is, from* the noon of the 

day befor6 the firft day of January. 
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months of the next fucceeding tropical year 
anfwer to the three laft months of that fame 
Julian year with which it is compared. 

349. The 298th day from the kalends 
of January, which was Thurfday in the 
706th year of the Julian period the fun 
entered libra at noon; at which inftantit 
was 10 h. 24 min. pad noon at Greenwich. 

350. In all calculations of autumnal equi- 
^ noxes we take the fame 298th day, or 

Odober 25th in the radical year o, for our 
epoch, 

351. And to gain the day of the month 
in which the equinox mud happen iince the 
radix, 

Add the number of days, hours, and 
minutes in the retrocefiion, to the days^ 
hours, and minutes of the equinox in die 
fixed meridian^ and you obtain the Julian 
days and hours from the radix. 

352. Add the epoch 298 to the days of 
the tropical reduction, and from their fum 
fubftradt the intire days of the Julian re- 
dudion, the remainder is the number of 
days from the kalends of January old fHle ; 
add thereto eleven days, and you obtain the 
number of days from the faid kalends of 

January 
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January new ftile, from which if you deduct 
the neareft Icfs number in the table of 
months (which numbers exprefe the laft 
days of each month) the refidue is the day 
irfthe fucceeding montli. 

353. But when the fum of the Julian 
redudion contains eighteen hours above 
entire days, it is a biflextile year ; then one 
day more muft be added to th^ entire Julian 
days before the fubftradion is made. 

354. When there are no hours in the 
Julian redudlion, that year is the firft after 
a biffextile; if fix hours, the fecond; if twelve 
hours, the third ; and when eighteen hours , 
above entire days, it is the biflextile year, 

355. To gain the time of the equinox on 
any other meridian, add the difference of 
meridians to the time found in the firft 
meridian. Thus for London or Greenwich 
we add 10 h. 24 min. for Paris 10 h. 33 
min. 20 fep. for Alexandria in Egypt 12 h, 
Z5 min. 6cc. 

To gain the week-day^. 

356. Divide the days of the tropical re- 
dud ion by 7 J if o remains, it is Thurfday^ 

K 3 ^ if 
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if I, Friday; ?, Saturday; and 3, Sun4ayi 
^nd fo on to 6, which i§ Wednefday, as in 
die table of week-days. 

To obtain the time of the vernal 
equinox. 

357. Firftfind the autumnal equinox for 
the fame year in which the vernal equinpx 
is required; and from it fubftraft c86 d. 
1 1 h. 51 min. which is the diftance in time 
from aries to libk-a ; their difference will b^ 
the time of the vernal equinox required. 

358. The day of the naonth and week-! 
day found as above, we obtain the Uteral 
^harafter for that day as foUqws. 

In the taWe of mon^s ftand the litcr^ 
charaiaers, ths^t are plaped ag^nft the firf| 
day of each month in apy common al- 
manapk. 

And whatgycr letter ftai^ds ?tgainft the 
firft day of any month, the 8th, j:5t|i^ aad^ 
and 29th days of that month are all cha- 
radlerifed with the fisune. 



359- 
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359. A cirde 9( the 7 literal or week- 
day charafters. 




The day of the month and week-day 
given, to find its literal charadler 
and dominical letter for that year« 

360. A. D. 177a, the autumnal equiaox 
will happen at Gpcenwich, September 22d, 
p h. 55 min* on a Tuefday. 

QuB^RE, The literal charader for that day 
and dominical letters for that year, it being 
hiflbctile? 

The literal charaitep for the ift of Sep- 
t^wheris F, fo alfo is the 2 2d, and Tuesday 
in the prefent queOtoi^. Look on the circle 
pf week-day charafters, call F Tuefday, 
G W^Aiefiiay, A Thursday, and fo on to 
S^^oday which fells upon D, the laft of the 
%W> dominiical letters for that year, and ierves 
from the intercalary day to the year s end. 
K 4 Th« 
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The firft dominical lettet for leap-years is 
the npxt in the circle, and ferves for January 
and February, which in this example is E. 

Therefore the two dominical letters for 
the biffextile year 1772 are E D new ftile. 

In any common year, the letter firft found 
ferves for the whole year. 

361. The dominical letter being known, 
to find what day of the week any day in the 
year falls on. 

QuERE, What day of the week is the 
20th day of March A. D. 1772 ? 

The literal charadler for the ift of March 
is D, fo is the 15th, and the 20th being 5 
days more, if we count from D,. which 
happens to be the dominical letter, to E 
Monday the i6th, we ihall find B is Friday 
the 2oth day of Match, A. D. 1772 new 
ftile. 

362. If the dominical letters were re- 
quired for old ftile, in ,thefe examples the 
firft would be the nth of September 1772, 
whofe literal charadler is thus found, F the 
I ft day of September, and alfo the 8th, 
G the 9th, A the loth, ;and B the nth, 
and by the following cakulus Tuel3ay, 
therefore A C are the dominical letters old 
ftile, A.D. 1772. 

363- Re- 
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363. Required the autumnal equinox at 
Alexandria in Egypt^ in the 146th year 
before the Chriftian iEra. 



4008 

A M. 3862 or years from the radix. Oft. 25, A. J, P. 706. 

Retroceffion. Tropical redudtion. 

years a radix, d. h. min, days a radix, h. min. 
3000 22 22 o X 095727 Z o 

800 6 2 40 292193 21 20 

60 on o . 21914 13 o • 

2 O O 22 730 II 38 

29 12 2 7)1410565 23 58 

weeks 201509+2 Saturday. 

d. h. min* 

Tropical days 565 tropical time 1410565 23 58 

epoch + 298 reiroceflipn -j- ^9 1.2 2 

8$3 Julian reduftion 1410595 12 o 
Julian days — 595 the 3d year after 

bifiextile. 



268 
for Auguft — 243 

tti Sept. 25 d. h. min. 

a kal. Jan. 268 23 58 fixed meridian, 
meridian difk -f" ^2 25 

the fan in the firft point of > ,^ , . , , . 

libra Sept. 26, J*^9 12 23 at Alexandria. 

On a Sunday, dominical letter B, in the 1 46th 
year before the Chi-iftian iEra. 

364. To 
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364. To find the tune of the vernal 
equinox ill the fame year, ^4 at the f«»fi 
place. 

d. li. min. 
■om the autumnal equinox, Sept. 26, ^ ^2n6 
kal, Jan. \ ^ '* ^3 

fubfira£k the diftance in time between Y 1 or 
and;:; V^^ " 5^ 

» 83 O 32 

Ar Fehraaiy 59 

the fim in t|ie ift poi^ of ari^ at Alex- ? . ^ 
andiia a^te Chrift 146 years, Mafch J ^^ o 32 

Note, According to the civil reckoning 
of the hours from midnight, this vernal 
equinox fell upon the 23d day of March, 
at 32 minutes paft noon at Alexandria. 

365. To find the time of the autumnal 
equinox ^t Greenwich, A. D. 1768. 

4007 
+1768 

A.M. 5775 or y«ra from the radix, 

^etroceflion. Tropical redudUon. 

years a radix, d. h. min. days a radix, h. min. 

5000 38 4 40 1826211 19 20 

700 5 « 2p^ 255^669 i^ 40 

70 o 12 50 25566 23 10 

500 55 ^aa6 5 5 

I ^ . ■ — I" II ^ I 

44 » 45 7)^09274 15 15 

weeks 30i328-]-6 YiTednefday. 
Tropical 
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epoch -f« 298 retroceflion -{- 44 2 45 



Jul. days -|. i — 3 i 9 becauTe of die 1 8 h. biflextile y^ar. 

253 a kal. Jan. old ftile 
for new iHle + i ^ ^^7* 

2^4 4 ^. Jan. ^^w ftilf 
for Augiift — ?43 

^ in i!^ Sept. 21 ' d. h, min. 

in (he £^ed jiiff^dian 4 Hfd. J^n. 264 15 i $ 

ineri4ian dift. -}- 6 10 24 

the fon in the I ft pfiint pf libr^ at Gr^p- ? ./; ^ _ ^- 

Wich, Sept. 22, y^^ * ^^ 

366. To find the time of the vernal 
equinox, A^ D. ij6^. 

d, h^iftif^ 

From the aatamnal equinox, Sept. 22, 265 i 39 

fubftrad dift. Y a ;s; 186 11 51 

for Feb. 59 o o 

the fui ja ari^ ajt Greenwich, jf^.^. 1 7^S| Mar. 19 13 48 



^6y* Having 
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5^67. Having found the autumnal and 
vernal equinoxes for the biffextile year, A. D, 
.1768, we obtoun them for the three fol- 
lowing 3rcars by continually adding thereto 
5 h. 49 min. thus 

in Y d* H. min. in ^ 4. h. m. 

1 768, March 1 9» 78 13 48 - 1768, Sept. 22, 265 i 39 

+ 5 49 + 5 49 

1769, Mat. 19, 78 19 37 - 1769, Sept. 22, 265 7 28 

+ S 49 + 5 49 

1770, Mar. 20, 79 I 26 - 1770, Sept. 22, 265 13 17 

+ 5 49 + 5 49 

i77i,Mar. 20, 79 7 15 - i77i,Sept. 22, 265 19 6 

368. Required the time of the autumnal 
equinox at Greenwich, A. D. 1772. 



4007 ^ 

1772 

A.D* 5779 or years from the radix. 

Retrocefiion. Tropical reduAion. 

yean a radix, d. h. min. days a radix h. min* 

5000 38 4 40 1826211 19 20 

700 5 8 20 255669^ 15 40 

70 o 12 50 25566 23 10 

9 o I 39 3287 4 «» 

44 3 29 7 )3ti 1073 s 14 31 

weeks 301533-I-4 Monday. 

Tropical 
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-Tropical days 73 J to the tropical timo 2110735:14 31 
epoch 4. 2(58 rctroccffion + 44 3 29 

1033 21 10779 18 O 

Jful. days-|-i— 780 becaufe ofthe 18 H. biflextile y ean 

253 akal. Jan. old ftile 
forncwftilc4- i» ^^7* 

264 a kal. Jan. new ftile 
for Aoguft — 243 

©in libra Sept. 21 d. h. min. 

in the fixed meridian a kal. Jan. 264 14 31 

meridian dift. 4" o > 10 24 

the fun in the firft point of libra at Green- 1 ^ 

wich. Sept 22. S ^^ .7 
On a Taefday, dominical letters. 

369. To obtain the vernal equinox, 
A^D. 1772. 

d. h. min. 

From the autumnal equinox, Sept. 22, 7^^ ^ 

a kal. Jan. y ^ . ^ 

dill, from aries to libra 1 86 11 51 

78 13 4. 
for February 59 

the fun in the i ft point of aries at Greenw.Mar. 19 13 4 

370. Wc find the two equinoxes in the 
three npxt fucceeding common years, as in 
the preceding example, by the continual ad- 
dition of 5 hours, 49 minutes. 

By 
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By this irifethod of calcillatidrt, i^t avoid 
any mifiakc that might happen with refpeft 
to the intercalary day ; becaufe we find the 
aUtumtial equinox firft, and thence the vernal 
equinox, which always falls after the inter- 
calary day, and alfo as tropical fitne has no 
biflextile years. 

"to reduce hours^ minutes, and 
Seconds ef time, ii>£o degrees, 
minutes, and feconds of the e-^ 
quator. 

371. Divide the feconds of time by 4^ 
the quotient is minutes, and remainder fo 
iflafty times 15 feponds. 

Divide thfe rtrintfffeS by 4, the quotient is 
degrees, and remainder £0 many times 15 
minutes. 

Multiply the hours by 15, Ae produdk 
is degrees. 



Example, 
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Example^ 

Raduee t! h. 55 iniii. 27 fee. of tteie 
into degrefcg, minutes, &c. of the eqU4tof* 

fee. min. h. deg. min. fee. 

4)27 " 4)i5 i» 165 o o 

— — 15 8 4| o 

6^45^' 8045' o 6 45 

1650 - 

anfwCT 173 51 45 

To reduce degites, minutes, and 
ieconds of the equator, into hotlts, 
mittutes, tod feconda of tinlfc 

372. Divide feconds by 1 5, the quotient 
is feconds, atid remainder fo many times 
4 thirds. 

Divide minutes by t^, the qiiQfieht is 
minti^s, aild r^hKlimkr i& ikiaiiy tl6ies 
4 feconda. 

Divide tlae de|;ree8 l^ 15, the q;uotient is 
hours, and remainder £0 lAany tira^ 4 
minutes. 



ExAMPtE. 
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Example. 

Reduce 173 deg. 51 min. 45 fee. of die 
equator, into hours, minutes and feconds 
of time. 



fee. 

15)45(5" 
45 


min. deg. h. 

iS)S«(3' 15)17301 
45 ]l 

6=24" 23 
'5 


II 




min. fee. 
32 

3 H 
3 





II 


35 27 



8=32'- 

We are now prepared to folve the lat- 
ter part of the laft problem, which is as 
follows. 

Problem XLV. 

To find all thofe places where it is 
noon at the time of an equinox, 
as well as that point upon the 
equator, to which the fun is ver- 
tical at that time. 

Having found the time of an equinox by 
the preceding or any other method of cal- 
culation, as in the firft example j we find 

the 



Digitized by 



Googk 



CekJHal and ^erreflrini Gx^obes. i 45 

the fun entered the firft point of aries at 
Alexandria in Egypt, March 24th, o h; 
3 a min. which was March. 23d. at 32 
tninutes paft no6n. 

The 32 minutes of time reduced to the 
equator, are equal to 8 degrees. 

Therefore bring Alexandria under the 
graduated fide of the ftrong brafs meridian, 
and fet the horary index to XII upon the 
equator, turn the globe from weft to eaft 
until 32 minutes of time, or 8 degrees of 
the equator have pafled under the horary 
index, where ftopdie globe 5 then all thofe 
places under the faid graduated fide of the 
ftrong brafs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to 
which the fun was at that inftant vertical^ 
and is the interfe(9ting point of the equator 
and eclipticj or that terreftrial meridian 
which governs the paffagc crf^.thc firft point 
of aries for that year. 
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The verlial equinox, A. D. I773> 
will fall on the 19 th day of 
March, at 1 3 h* 4 min. which 
reduced to the degrees and mi-^ 
nutes of the equator, is equal to 
196 degrees. 

374, Bring London to the gfiduated 
lide of the ftrong brafs meridian, and fet 
the horary index to XII, (in this cafe the 
graduated fide is the horary index) turn 
the globe from weft to eaft until 13 h- 
4 min. of time, or 196 degrees of the 
equator have Jpaffed under die horary index, 
where flop the globe; the 196th degree of 
the equator will now be found under the 
graduated f\it of the brafs meridian, and is 
mat poiftt'on which the fun will be vertical 
at noon> at which inftant it will be 13 h. 
4 min. paft noon at London or Greenwich. 

The meridian paffing through this point| 
will be feen to pafs a little eaftward of 
Kamkatfki, through the Pacific Sea, acrofs 
the ifland Dicerta, thence eaft of the ifle 
Taumago, and through the weftefn part of 

New 
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New Zeland, all which places will haver 
noon at the inftant of that vernal equinox. " 

The autumnal equinox, A* D* 1772> 
will happen September 23d, o h. 
55 min. at Londofi, the 55 miii; 
being equal td 13 deg* 45 min. 
of the cqimton 

375. ■ Bring London to the graduated fide 
of tlie ftrong brafs meridian, and fet the 
horary index to XII, turn the globe from 
weft to eaft, until 55 minutes pf.time, or 
1 3 deg. 45 min. of the equator Have pafled 
ynder the horaty index, where flop the 
globe J here, as in the laft example, the 1 3tli 
degree and 45th minute is that point upon 
the equator to which the. fun is vertical, 
and the meridian pafiing through this point, 
lies under the graduated fide of the ftrong 
brafs meridian j \yhich pafles over the mid- 
dle of Greenland, and through the Atlantic 
Ocean to the eaft of TenerifFe, a little to the 
weft 6f Afceuflon Ifland, and iftence through 
the Etniopic Oceafi^ at which places it' wil| 
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be noon at the time of this auturtinal ' 
equinox, . 

Here it will be proper to give the reader 
1 (hort account 

Of the natural agreement between 
the celeftial and terreftrial (pheres ; 
or, How to gain a perfed idea 
of the fituation and diftance of 
all places upon the earth, by the 
fiin and ftars. 

376. That part of flie firrnament which 
is in the zenith of London, is perpendicular 
to half the globe of the earth ; which half 
comprehends almoft all the habitable land 
of Europe, Afia, Africa, and America, widi 
their coafts, capes, land and feas ; fince 
under the other celeftial hemifphere, which 
we do not fee at the fame timte, there aire 
only very incoilfiderable lands and ii}es. 

377, The inhabitants of Great Britaii^ 
and Ireland nearly fee the fame half of tha 
firmament ad(»iied wkh flars and planets, 
which at all times fupply the place of an 

immenfe 
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immenfe map of the world j and fhew our 
terreftfial hemilphere by the ftars, con- 
veying the correfpondent marks of the tw6 
continents to our fight and mind. 

* 378. The fun, by his apparent daily mo- 
tion, feems to dcfgrihe a kind of fpiral, in 
pafling from one tropic to the other andv 
back again, continually changing his decli^ 
nation, Jjnd every day defcrihing -a different 
parallel; art, 104, 

Forty^fcven of diefe diurnal parallels are 
drawn on our new tcrrcftrial globe, arfcl 15. 
116. between the trofwics of cancer afid capri- 
cjorn, reprefenting the parallels for 7every de- 
gree cf ^e fun's declination. 

379.' Be£>re the reader proceeds, he is 
di^redi to make hiniielf acquainted with 4h€( 
caufe of the daily change in the fun's decli- 
nbiion^ beginning at a]rticie 150, and reading 
frsaa dieace to the i66th/articie« 
^ Which being premifed, it will be eafy td 
conceive, that l^e fun being in any one of 
thefe parallels, muft neceffarily caft his jp^r- 
pendicalar cays i that day upon t^e heads of 
^ inhtibitaiils of thofe places through which 
ihat fttraUci of decimation paiifes. 



in 
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Note, Aiiiiough theiS i^j iJ)fu?aUcls are 
here called parallels of declination, diey arc 
alfo parallels of latitude upon the tcrrcftrial 
globe. 

380. From th^fepriiKiples we obtain the 
Atu^on of thofe places, to which the fim 
is vertical every day in the year ; we alfo find 
the time of that day at the place of any ob- 
ferver, from whence looking at the fun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities and Aates, 
during the feyeral hours of that day, and 
fi) on ibr every day.in die year. 

.3 8 1. The fun being perpfendiculariy over 
any one of thefe diftant cities op princi- 
palities, at the time of oKir obfervatioo, if a 
plumb^ne be held up between ihe oh- 
lerver 2iA the fun, fo as to pa& through or 
before the fun's center, it will cut dbe Tiiible 
horizon in a point, that will fix jdir kitma% 
or pafi[age in a right line froni the p^erver 
to that place, upqn wbiph th^ fun js then 
vertical; 

3^2. A ^ipt thus noted upon the vifiUe 
hori^n, may be feen at »U time$»and repns* 
fent the fame bearing* independent: of the 
fun andilars, and thatinfuch aconfpicuous 
• manner 



^ 



Digitized by 



Google 



• Cekfiial and ^trrefirial GtooBES. 151 

manner as to render thi» k,nQwledge always 
eqtfrtaining, u&ful and intpreding. 

383. The ftars at night perform the fanf^? 
more copioufly, by pointing out to our fenfes 
the diflance of many diftant provinces, at; 
ohc and the iame inftant of time, Irom our 
own zenith. 

Hence we are in pofleffion of a moft im^ 
menfe and extenfive field, wherein we may 
Qoirredt and improve our agronomical and 
geographical knowledge. 

Examplqspf iblar correfpohdents. 

Problem 'X.lNh 

To find the folar correfpondenpe to 
a £xed point upon the €arth> 
whetk the fun is ieen by an ob- 
iervef, fituated upcm any other 
point of its furface. 

Example I. 

: 364.1^ 4i? oKcrvcr Ue in London 

(cr in^any.of the countiy plac^fiiViUuii thirty 

L 4 milei 
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miles of it) upon the loth day bf Marck, 
at lo minutes paft XI o'clock in the- 
morning. 

Q£ERfi, The place upon which the. fiw. 
will be vertical at that time ? 

Reftffy the globe by bringing the loth 
of March, engraved on the backfide of thq 
ftrohg brais . meridian, to the plane of the 
hroad-^paper. circle; find the fun's place^ 
againft the i^y of the iponth in the kal«i-» 
dar, which will be; abput 20 deg. i o mii>, 
in pifces -, feek thefe degrees and minutes 
inthefign pifces upon the ecliptic line pn 
the globe, and you will find it fall upon 
the fourth parallel of fouth declination, to 
all the inhabitants on this parallel the fun 
will be vertical th^t day. Now bring 1 1 h. 
10 min. on the equator to the graduated 
fide of the ftrong brafs meridian, and you 
will find it cut the fourth fouthern parallel 
upob.the city, of Loango, on the weAem 
cpaft of Africa. 

Therefore if you look at the fun 10 mi** 
nutes paft XI in the .mofning at Londopi, 
you will then fee him at the inftant he is 
aire(31yovcr^he beads of tHe inhahifaiiPts of 
the'tify iiiP-'Eban^dliH-Afrka-; at.the;iaoi9 

'-' time, 
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time, your idfeas are made fenfible of the 
cdftiparative diftance, which you fee in the 
firmament between the zenith of London 
urtdcr which you ftand, and the fun, which 
is then in the zenith of Loango ; alfo if at 
the time of your obfervation, you caufe a 
plumb-line to be held up between you and 
the center of the fun, and caft your eye 
down towards the moft diftant part of your 
fenfible horizon, the plumb-line will cut 
a point thereon, which, if remembered, will 
always (hew you the true bearing or point 
of the compafs, in a diredt line from your 
fitu^on, to that of Loango. 

385. This diftance and bearing may be 
nearly found by the globe; thus. 

Elevate the globe to the latitude of Lon- 
don, that the broad-paper circle may repre- 
•fent your horizon, fcrew the nut of the 
quadrant of altitude in the zenith, that is 
i^n 51 deg. 32 niin. counted from the 
equator towards the elevated pole, bring 
London under that point, and lay the gra^ 
duated edge of the quadrant upon Loango, 
rwhich wfll cut the bearing 1-5 degrees, 
;xeckoned frbm die . fouth towards the eaft, 
' or betwieen the points S S E and S b E ; now 

feparate 
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i^pamte the. quadrant &Qm the globe, wx) 
lay its graduated .e(j|ge vp<m Loango ^nd 
Ldndon, fo that the bogipRmg erf the gra- 
duation may lie upon one of the places, tfien 
the other will cut 56 degrees, whiefc i% 
squal to 3360 gcc^af^cal miles, cr 3892 
Englifh miles, the diftaace between Loodoo 
and Loango. 

386. To elucidate this example, we fliall 
trace the fun's verticity over that part of thjks 
day's parallel of declination, as is iocliKied 
between the ri£ng and fetting fun at London 
for that day, . . 

Imagine, as we have before £ippofed^ Jin 
ima|;e df die fun to be painted upon ^the 
cieling of the rooin, dinei^y over the^tcrp 
reftrial globe. 

Let the globe be re&ified to the loth 
of March, place the center of the artificial 
horizon upon London, and bring it into a 
^Coincidence on die weft iide of the plasie of 
the brqad^paper oirde, now reprdbntidg die 
€idge of the earth s illuminated di/k $ we 
ihall then have die pofition of the eavth 
with reiped to iSx fun for that &xf ; when 
d^ inhabitants of London will be lea^g 
the.twil^ht, and paffii^ in^a the firft point 

: : of 
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of day, or fun-rifing, at about iB'rtihftites 
pift VI in the morning, cut by the gra- 
duated fiSe of the ftrong brafs meridian on 
the hour Ibe under the equator; at this 
time the meridian will likewife crofs the 
fourth parallel of fouth declination, in the 
^Indian Ocean, between the ifland of Sumatra 
and the'Maldive Ifles; if we look upon the 
fun that morning at the inftant of his^ rifihg, 
'we fhall fee that his diftance from our feenith 
will then be 90 degrees, he being in our 
horizon, which is equal to 5400 geogra- 
phical or 6155 Englifti miles, the diftance 
^ from London to that part of the Indian Sea ; 
turn the glob? from weft to eaft, until 
8 h. I2min. are under the horary index, 
which in diis cafe is the ftroi^ brafs meri- 
dian, and it will cut the ^e Macarenhas, to 
: which «he fim will then be perpendicidar, 
a£4 paf^ IX he will be perpendicular to die 
coaft of Zanguebar> his central ray pafting 
between Monibacca and Pemba, thpnoe it 
paflea over thei kiagdoms of Monomugi, 
Mgcoco, Congo, ficc^ tjntil he is pcrpendi- 
. cuiar ^ ^6^ city of Lowgt^ upon the 
weftem qoiil of AfHea,'at 11 h. i^ min. 

, ■ • • • : his 
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his perpen4icular rays arc abforbe^ in the, 
Ethiopic Ocean, over which he is 3 h. 
ZZ min. in paffing to Fort St. Lucar, on 
the eaftem coaft of America, at 32 minute^ 
paft I J in the afternoon ; thence he proceeds 
to fend forth his perpendicular rays over the 
heads of the inhabitants of Brazil, acrofe the 
vaft country of the Amazons and Peru, in 
the decline of our evening, until his arrival 
over Cape Blanco on the vs^eftern fide of 
South America, a little before he fets to the 
inhabitants of London, which is abqut, 
40 minutes paft V o'clock. 

Example II. 

^87. Every redtification being obfervc4 
aa in the firft example, required the place 
ypon which the fun is a correfpondent sA 
48 minutes paft VI in the evwing of liw; 
1 8th of May, the fun s place being about 
17 deg. 4x> min. in : taurus, which £bews 
upcm the globe, that the fun will be nearly 
vertical to the 17th parallel of north deqli- 
nsition on that 4ay. Turn th« globe froo* 
weft to eaft, until London has paiffi^ithg 
ftrpng brafs meridian and ftop, when its 
:. : graduated 
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graduated fide is diredly over 6 h. 48 min- 
afternoon, and it ^ill cut upon the 17th 
parallel of north declination, the city oi 
Acquapulco on the weftern coaft of Mexico, 
over which the fun will then be vertical. 



Example IIL 

388. Let the obferver be at Cape Qear 
On the weftern coaft of Ireland, on 'the i6th 
day of July, at 54 nfiinuteS pift VlII in ;th6 
morning. 

QuERE, The place upon which the fiiil 
will then be vertical? 

The fun's place being in the 24th degree 
of cancer, which on the globe falls upon 
l!he 21ft parallel of north decUnatidn. 

Bring Cape Clear to the graduated fide of 
&e ftrong bra& meridian, and fetthe horary 
index to Xtt, turn the globe till 8 h. 54 min. 
amongft' the morning- hours are under the 
horary index; and you will find the gra- 
duated fide of the fltong brafs meridian to 
cut the 2ift parallel of north declination 
upon Faitat m Nubia, on- Ae weftern coaft 
of the Rud^S«. 

Example 
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rum '' ^ . .'^. - Vi ' •' f - , ! 

E^SAMPXE IV* 

389. Let the oWerver be at Rome, on 
the 20th day of^ November, at 37 miriutes 
paft !^ in the morning. • 

QiJERE, The place upon which the fun 
will be vertical U that time? 

The fun being about 2 8| degrees in 
fcprpip,i which falls to the fouthward of'the 
29th parallel of fouth declination. 

Briog Rome to the graduated fide of the 
ftrong- brafs nxeridian, and fct the horary 
index to XII, turn the globe to have iph, 
37 ipip. under the horary index, ami the faid 
gjraduated fide will then cut under the ^o^ 
parallel of fouth declination the city of §9- 
fala in the kingdom of Quiteri, to the fouth of 
Monomotapa, on the eaftern coaft.of Africj^. 

We apprehend thefe four examples. ^1^ 
fufiicicnt to give the reader a clear idea of 
the fblar co]7ei|)aadeats to all places wkhm 
the torrid zone, and to enable him to di^ 
coyer fome thou£uids more. 

390, , Although we can have but one firfar 
correfpondent at the fame time, yet as in 
Ae firft example, we can trace him through 

his 
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his diurnal parallel for every hour and mi- 
nute of the day^ and fo aifo upon every 4ay 
in the year. 

391^ Nothing can b^ eafiei' or liior^ ki- 
tdUgibtc thm this method of ioiprovifiig tb^; 
rtaind 1^ reprefeiAing to the eyes the diftancft 
from our ©wn zenith torthe-:rieiiidi lof every; 
^ot of land and fea,' within the tfopig^i 
vi^hen at eV«fy .fingl^ obfearvalion we hayi^ 
it alfo in our poWir to tidte the befiring, pj^ 
earfi of thefe plae^s i^pon ottr yifible hori-. 
zon, which may be referred to, at all tiRjes^, 
when the fun is. not in thaf parallel* . ; 

392. Let lis now change the fcene frofti 
that of the great globe of day, to obfeive 
the ftars by night, which will prefent to por 
view a: copious field Qf geogrs^hicaj kjiov?-^ 
kdgfe ; many of which may be feen at .Qn€{ 
mi the fanie ipftant of tim/e, when they are 
in'the zenit^ of fo. mai>y different pkipe§ 
upon the earthy, and then immediately 
afterwards xei^vc ffom that defignatioUj^ 
to give pl^e for a great OMoiber of others. 
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Of the ccleftial correfpqndents. 

393. The kiiowkdge of the celeftial cor- 
f eipondents difcover a new fyflem of aftro- 
flomicai geography, an objed worthy of 
attenticm. The perfedt agreement between 
die celeftial and terreftrial fphefes being aii 
afiemblage of bo^, and it may with very litile 
trouble be attained, in making the ftudy of 
one a means to arrive at d>e other; the 
objeft of this correfpondence being the c6n- 
tinual variation between the parts of thcr 
celeftial and tferreftrial fpheres. 

^94. Geography alorie being eaficr tbatt . 
aflronomy, has generally a particular place • 
in the education of young ftudents, who ! 
feldom leave their juvenile ftudies widaout'i 
gaining fome idea of the four quarters of thd » 
world, a flight notion of the fituj^ion of > 
places with re(pe(St to each others arid at* 
fketch of the principal empires; but gene- 
rally without any applicatbh to thfc teiii^^ 
reftrial, and fcarce ever acomparifbn &f that*- 
and the celeftial globe, iand withoittr feeling * 
a lively curiofity of knowing thdfe neceflary ^ 

and 



Digitized by 



Googk 



Okftial and ^errefirid Globes. 1 6 1 

and improving branches of the icience of 
hiftory and its peculiar events. 

395. To facilitate the ftudy of geography, 
it has always been neceiTary to lay maps and 
charts before a pupil, which are generally 
ieparate plans of different countries. But 
what idea do thefe afford of the vaft extent 
of the earth, of its fphcrical form, or of thp 
proportionable diflanccs, real bearings, &c. 
of the empires, kingdoms, and ftates on the 
habitable part of our terreflrial globe ? 

396. How much more intelligible and 
juft are the proportionable diflances of the 
fixed ftars, when compared with the natural 
diftances of the feveral places upon the 
earth, over which they dart their perpen- 
dicular rays j thereby conflituting this new 
fyftem of aftronomical geography, by ocular 
dcmonftration. They are faithful teftimonies 
of (hi vaft extent of the univerfe, and they 
declare the diftance, bearing, and (ituation 
of all places upon the earth. 

397. By thefe means, together with th© 
affiftance of maps and charts, fuch a copious 
and clear idea of geography will be attained, 
and its natural principles fo firmly eftablifh- 
cd, as n^.ver to be erafed. 

M 398. The 
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398. The confcquenccs to be drawn from 
thefe principles, are entirely m fetwir of the 
harmony between the ceteftial and terrcftrial 
fphercs. 

Of the paf]&gc or traniit of the firft 
point of aries over tKe meridian. 

399. This point determines the apparent 
daily motion of the heavens, and fixes the 
continual differences in the courfeof the fun 
and i!ars. 

It is by the knowledge of that peculiar 
point on the terreflrial equator, where its 
interfedlion with the celeftial ecliptic happens 
to fall at the time of a vernal equinox, it 
is that place upon the earth to which the 
fun is vertical at that time^ and from the 
knowledge of this we obtain the time of its 
paflage over any meridian upon the globe, 
for every day of the year. 

400. The conformity of the degrees of 
right afcenfion, with thofe of terreflrial lon- 
gitude, happen but upon one moment of the 
24 hours, in a natural day, when the firft 
point of aries is on the meridian of London, 
the firft degree of right afcenfion is on this 

meridian 
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meridian alfo ; and the iignal to confu-m 
this is, when a flar of the fecond magnitude 
marked y near the extremity of the wing 
of Pegafus, is upon the meridian, at that 
inftant the equinodial colure will be upon 
the meridian alfo, for this colure pafles 
through the firft point of aries and that 
ftar. 

401. This is the moment when each of 
the 360 degrees of right afcenfion in the 
ccleftial fphere, is perpendicular to every 
like degree of terreftrial longitude; at which 
time there is a pcrfedt parallelifm and per- 
pendicular correfpondence of all the circles, 
points, and lines, in both fpheres. 

402. To this we have paid a particulv 
regard, in the conftrudtion of our new 
globes, by numbering the degrees on the 
equator of the terreftrial globe, with an 
upper row of figures in the fame diredlion, 
as thofe of right afcenfion are numbered 
upon the celeftial globe. 

403. If from that inftant of time, when 
the ftar y of pegafus is upon the meridian, 
we conceive the ftars to be immoveable, and 
that we, together with the globe of the 
earth, are turned from weft to eaft upon the 

M 2 equatorial 
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equatorial axis, we (hall perceive our own •. 
meridian, to pafe fucceffiveiy under every dcf ^ 
gree and (lar on the cdeftiai equator. 

404* And that the reader may thoroughly 
underftand what is meant by this uniformity 
in the two fpheres, let him imagine the* 
celeftial globe to be delineated upon glafs ot 
any other tranfparent matter, which fhall 
inveft or furroupd the tcrrcftrial globei 
but in fuch a manner, that either may. 
be turned about upon the poles of jdbe 
world, whilft the other renuins fixed j 
and fuppofe the firft point of aries, on th^t 
invefting globe, to be placed upon{the^ 
firft point of aries on the terreilrial globed 
(which point is in the meridian of London^) 
they will then reprefent that fituation of the 
heavens and the earth, we have been jufl 
defcribing, on that inftant, when the firft 
point of aries is upon the meridian}. ao<l 
then every ftar on the celeftial will lie upon 
every particular place of the terreftrial globC) 
to which it is a correfpondent i each ftitf will 
then have the degree of its right afcenfion 
diredly upon the correfponding degree of 
terreftrial longitude r their declination will 

Rlfo 
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alfb be the fame with the latitude of thofe 
places upon which they lie« 

405. Now if the reader conceives the 
celcitial: inyefting globe to be fixed, and the 
torreftrial globe to be gradually turned from 
w«fi to caft> he will readily underfland^ as 
the meridian of London pafTes from one 
degree to another under the invefling fphere, 
that every ftar thereon becomes a corref* 
pendent to another place upon the earth; 
mA & on until the earth has compdeted one 
diumal revolution, or till all the ftars, by 
their apparent daily motion, have pafied over 
every mieridian of the terreftrial globe. 
Hence ariies an immenie and an amazing 
variieQr'ia^ the harmony of both fpheres. 

406. if die fun and a (lar tranfit the 
metidian on any particular 'day, the next 
day the fkr will precede the fun about 4 
minUtd^s in two <kys^he acceleritioi^ofthe 
ftar With refpeia to the fun will be about 
8 minutes, in 4 days l6.nunutes, in 8 days 
32 ittkiutest and iA fifteen days the apparent 
motion of the flar will be accelerated one 
hour, whiUt the'fuA> with rdfpedttbthe ftar^ 
wiU jaem to be retarded one hour; jn one 
month the (lar will foe two hours before the 

M 3 fun. 
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fan, in tfirec months fix hours, in fix monlfes 
twelve hours, and in one year twenty-four 
Jiours. 

407. So that a year afber die ifen and iizt 
have croffed the meridian togedier, they wiU 
meet again nearly at the fame time; but the 
ftar inftead of feecning to make 365 revo* 
lutions will have made 366^ ooe more than 
tine earth to the fun in a year. 

408. The rig^tafconfiioa of the fitft point 
^aiks, i$Ahe complemeBtofliiefimts right 
alcenikm tp 360 disgiiees.tif the equatoTyOr 
to the 24 faDm*s of a natural day: ifaia is^Kt 
ipoisit from wfakfa the tight afceafipn of the 
fiti>> iWs, and planets is alwftya^ rookoocd. 

409. The reader will pka& to ob&rve* 
ihat in ^ng and fumcaer, die firft >dqgree 
4^ right aic6|ifion» ^hich is the fifft,jpoi»t 
of aries, comes to the meridian widsk Hs- be- 
fore ^pon ^ there are no ftars then vifiUc 
in the ^i^, but thofjs whidi fQlk>w the 
£rft pom of libra; that is to %.,chofe Aars 
which havie more than »8o degrees lof dg^t 
tktt&osk^. in autonin and winter thole flars 
are vHibie in the nighc; which fisHowthe 
&il pdnt of aries, haring le& diaai i^o de- 
grees of tight aicenfion* 

410* Ob- 
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410. Obferve alio, that the interval be* 
twecn the paflage of the firft pdnt of aries 
over the meridian of any place, and that of 
tibe firft point of Jibra over tbc fam^ meri- 
dia&!» is not iz complete hours, but pnly 1 1 
hours 58 minutes, to which attention muft 
be paid, leaft thefe two minutes fhould be 
im^akea. 

' . 41 1. By tbe f»£%e ef the fiarfi over lini 
nnidian, wc vc dav^ A^ Jtaowle(ige ef 
dw&z dflgnei of the e^ai^r^ whkh flm 
then riiing and fetting ; ibr ibat ikgroe 
wluch b fisttbg pneoedes (bat on (the oieri- 
£aji 9odegp)ees> jor fix hoursi aad i^o 4e^ 
gmes or twelw hows idaat which is rUiag^ 
^ttKiidbtt«Ug|Fei? of ^eeii|«atar9 which is oa 
4be']]|oridiaAtfQd«r4Jbbe elevated pole, is i3o 
4i^gPM6 ilifta^ ifeQiQ thdt foiQt of it wljiich 
4B .pflfiiiiig <hc sAeridiaa. 
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Problem XLVII. 

To find the time of the right afcen- 
fion of the firft point of aries 
upon. any meridian. 

412. Wc have already fhewn by an cafy 
calculus^ how to find the times of equinox 
to any meridian, but we have not yet (hewn 
dieir application to the right afcenfion of the 
firft poirft of aries. . 

' 413. The diurnal difference of right af- 
cenfion, at the time of a vernal equinox, is 
3 min. 38 fee. which we have formed into 
a table, entitled, lie horary difference in the^ 
mottM of the firfi point of aries at the time 
'i>f a 'vernal equinox i to which is annexed, 
a table of the difference of the faffage rftbe 
Jirft point of aries over the meridian for every 
day in the year. 

The ufe of the tables of right 
afcenfion* 

414. Having found the time of any ver- 
nal equinox, and transferred it from the 

fixed 
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fixed to your own meridian by the addition 
of your meridian diftance; 

Take out of the table of horary dif- 
ferences, the motion anfwering to the hours 
and minutes of the time of the vernal equi- 
nox, and dieir fum will be the time of the 
paf&ge of the firft point of aries over that 
ffieridSan % the day on which, but before the 
equino<5tial interiedion happens. Thus, 

415. A. I). 1769, the vernal equinox falls 00 
March 19th, 19 h. 37 min. 

min. fee. 
hours 19 2 53 
fnin. 37 o 6 . --> 

Right afcenfion of YG,up-7^ - ' n. ^ 
-art the equinoaial day J^ 59 paft »«». 

'416. A. D. 1776, the fun will enter' arica 
March 20, i h. 26 min. 

min. fee. ' * 
hours 109 
nofin. 25 o 4 

' Right afcenHon of T ori7 ' « 

the equinoftial day, at 1° '3 paftnooo. 

417. A. 
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417. A. D« 1771^ the veroal equinox Ul\» 
on March 20, 7 h. 15 min« 

min* fee- 
hours 714 
mill. 15 o J2 

Right afcenfion of Y G on the J , ^ ^^^ _ 
equinoxial day, at • J^ ^paftnoop, 

4f8. A.D. I77a» the fim will enter ftriea^ 
MaiY:h i9» ij h« 4 fflin« 

min. fee. 
hours 13 I 58 
itTin. 40 J 

41 9. Hie right aicen£on of the firft point 
of aries, thro found for the day on which 
dse equifidx iMtppens, holds good for the 
whole year, and is to be added to the dif-* 
ference of the paflage of the firft point of 
aries over the meridian found againft the 
day of the month i and their fum will be 
the time of day when the firft point of aries 
will pafs the >meiKliaii^ 

420. Obferve when the equinoic falls on 
fhe igtk day of March in a con:imon year» 
to feek the day of the month in the right 
hand column of the table; and when it 

falls 
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falls upon the 20th day of March, feek the 
day of the month in the left hand column^ 
over which in either cafe, and under the 
name 6f fttt rttan^ ytftt Imve the proj^r 
4MfefiMtte of right afcenfion to be added 
lb thflrit fitaind. ^bcMp for the day of the 
equinox. 

42f. It bi&:»tile ^/mm, ioelcthe day of 
the moiith in^the, le& hand column, to the 
ead of Eebruary, and for the intercalary 
day ofizpth of February; take, out the dif- 
Jetence of right afcenfiofi anfwering to the 
firft of March, after which to the year's end 
feek the day of -tke MM^ in the right hand 
column. , n 

42 z.. Having thus found the right af- 
peniipn of th^ firft j^int of aries for any day 
M th; yeftf, add thereto 11 h. 58 min. and 
yaa obtant the time Qf the right ^eniion of 
the iidLpQint of libra. 
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Example I. 

423. A.D. tl(>^t «quinox March 19. 

h. min. fee. 

^ Jan. 25, 3 23 24 
H- 2 59 



Kight afcenfion T 0, 


3__ 


26 


2} 


Nov. 14, 


4- 


36 


3» 

J? 


Right aicenfion T 0, 


39 


3» 


Example II. 








A. D. 1770, equinox March 20 


• 






■ 


b. 


min. 


fee. 


Feb. 25, 


I 
4- 


24 



5« 


Right afcenfion T O, 


I 


*5 


J 


oa, 18, 


10 


26 





Ipght aicenfion T e> ^ 


IQ 


26 


'9 


\ ■ 

■ 
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Example Uh 
A. D« 177T9 equmox MsLVch 20. 



.', ^^ 


Jan, 12, 

Right afceilfion T ©, 
Decern. 16, 

Right sifcenfion Y o, 

_ £3(AMPJLE IV. 


J h. min. 

4 22 

+ I 


fee. 

4<? 
6 


: 


4 23 

6 22 
+ I 


52 

1 


*^ ■ 


6 24 


4 



A. D. 1772, equinox March 19. 

Biflextiie ywr. h. min. fee. 

Feb. 28, I 13 35 

"+" » 59 

Right afcenfion T ©» i 15 34 

'fhe intercalary day, Feb. 29, 1 9 50 

" ^ ' 59 

Right afcenfion TO, i 1 1 49 

March i, i 6 7 

+ t 59 

Ri^t afcenfion To, i 8 6 

Augufta8, 15 28 17 

+ ' 59 

Right afcenfion To, 13 30 i5 

Thefc 
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Thefe four examples are quite fuffident, 
if the reader cdmpares them wkh the tables 
andpreceptar 

In the 42d and 43d problems, we have 
ihewn h^m to find the hour that any known 
itarr comes to the meridian; and alfo to 
find die time of the year any ftar pafles the 
meridian at any hoar propofed, art. 317, 
218. but in that place we were not pre* 
pared to apply the ri^ adtenfion of the 
firft point of aries, fo properly for an obfer* 
vation of the ftars, as by the followbg 

Problem XLVIIL 

To find the time of the right afcen- 
fioD of any ftar^ upon any par- 
ticular meridian, on any day in 
the year. 

424. Firft find the time of the right 
afcenfiott of the firft point of aries, art. 41 2» 
by problem 47, agreeable to your own 
meridian* 

Then apply to die celeftial globe, and 
bring the given ftar under the graduated 

fide 
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fide of the ftrong brafs meridian, which will 
cut its right afcenfion, o? ralhcr its diflance 
in time or degrees, upon the equinodial ; 
add this quantity expreffed in time to the 
right afi:enik>n of ^ firft point of aries, 
and ycKL will obtain the time of the pafiage 
of that ftar over the meridian very near the 
truth. Thus, 

The flar marked y in the head of draco, 
will have 268 degrees, or 17 h. 52 min. 
art. 372. of right afcenfion or diftance from 
the firft point of aries, which added to the 
right afcenfion of that point for the r3th 
day of July, A. D. 1772, gives the true time 
of its right afcenfion that evening, at lah. 
12 min. this flar will be over the heads of 
the inhabitants of London at that time, its 
declination being 51 At^. 32 min. equal Xo 
the latitude of this capital dty. 

Note, In this method of working, when 
the hours exceed 24, dedu<ft 24 hours 
therefrom, and you obtain the true time 
fought 
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Problem XLIX. 

To redify the celeftial globe for any 
time in the evening of any day 
in the year, by the knowledge 
of the time when the firft point 
of aries fhall pafs the meridian 
that day. 

425. As the degrees and hours upon the 
equinodial line on our new globes, are 
numbered from the firft point of aries. 

Firft find the right afcenfion .of that point 
by problem 47, art. 412, for the given day, 
and redify the globe to your latitude, art. 1 1 6^ 
then bring the firft point of aries upon the 
globe, under the graduated fide of the ftrong 
brafs meridian, and fet the horary index to 
the hour and minute of the pafiage of aries b^ 
firft found, turn the globe until the given 
hour is under the horary index, and place it 
due north and fouth by the mariners ccnn- 
pafs, attending to the variation of the needle, 
and you will have a perfed reprefentation 
of -the ftarry firmament, not only for that 

inftanC) ^ 
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inftant, . but as long as you pleafe to apply 
yourfelf to thjgt; knowledge of the ftars that 
evening, by only moving the globe to any 
other minute under the horary index as the 
time advances. 

426. Thus cm the 25th of February j 
A. D. 1770, about 26 minutes after V in 
the evening, the ftar called al-debaran, or the 
bull's eye, will be upon the meridian of 
London, or places adjacent; about VI o'clock 
that evening, Orion will begin to pafs the 
meridian, and prefent a gloqous view to the 
eyes. of the obferver, there bding Co msaiy: 
eminent ftars in that conftellation,. then.fuc* 
cefSvisdy pafSqg over the meridian until i 
paft Vli; all the ftars in auriga, or the 
charioteer, will be pafling the meridian at 
the fkaae timej after which canis major will 
fuoceed vdth fyrius, the.dog-ftjr, at the fide 
©f his jaw J then cai^is mincw.and gcmini 
or.ihe twins will follow, and fo on for the 
reiAaioder of the night. This, appearance . 
may be obferved feveral months, but at dif- 
ferent 4ioui%\ i» the night, which may be 
found by this problem. 

^2^7:* Alfo^on the 8lh of May in the fame' 
year/tte^fitft'^jKriht of aries will pafs diik 

^ ' ■ ^ N meridian 
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meridian at 20 h. 58 min, 29 fee. but if 
we reckon the hours from midnight, at 
58 minutes pad: VIII in the morning, at 
which time no ftars can be feen ; therefore 
we muft have recourfe to the ri^t afccnfion 
of the firft point of libra, which is thus 
obtained^ 

h. min. fee. 

To the ri^t aftenfion of the firft ) o 

point of aries S ^ ^^ 

add II 58 O 

II I 

32 56 ^29 

When the hours exceed 24, fub- ) 

ftraa therefrom K^ ° ^ 

The right afceniion of the firft") ^ ^ •*!.-. 

428. Now in the precept to tlus problemy 
read libra inftead of the word aries, and the 
rule will hold good in this as well as in the 
firft cafe. Therefore, 

Bring the firft point of libra to the gra- 
duated fide of the ftrong brafs meridian, and 
fet the horary index to 56 minutes paft VIII 
in the evening, turn the globe until the 
horary index points to 10 minutes paft X 
o'clock, and you will find the ftar called 
6pica vifginis, being that in the ear of com 

(he 
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file holds in her hand, a ftar of the firft 
magnitude fnafked o^ upon the meridian at 
ihat ^tue. If you then look at the firma- 
ment, ycM wiil fee the confteUations cancer^ 
leo minor, leo major, the great bear, vnth 
the head and wings of virgo, on the weftern 
fide of the meridian $ and on the eailern fide 
thereof, the ballance, fcorpio, bootes, Her^ 
coles, &5C. fucceflively foUowinrg ihe firft 
point of iiWa ia their ps^age over the 
meridiatt^ 

The cotrefpotidency of thr fixed 
liars. 

429. Before we attempt an bbfervatioti 
of this kind, a fignal or warning ftar muft 
be firft obtained 3 that is, fuch a ftar is to be 
fought, as ftiall have the fame or nearly the 
lame quantity, either in degrees or time of 
right afcenfiofe, reckoned from the firft point 
of aries, as the place, over which any other 
ftar (hall then happen to be a correlpondent; 
fliall have of longitude, reckoned eaftward 
of London. 

430. It has been {hewn that declination 
in the celeftial and latitude on the terneihial 

N 2 globe. 
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globe, mean one and the fame thing, both 
being meafured by their diftance from the 
equator ; confequently, if the declination of 
any flar is equal to the latitude of any place^ 
that ftar, by a line conceived to be drawn 
from it to the center of the earth, will de- 
fcribe the parallel of that place ; whence it 
becomes a ccMrefpondent^ not only to that 
particular place, but alio to all thofe places 
which lie in the fame parallel of latitude^ by 
palling perpendicularly over the heads of 
them all once every 24 hours. But as a 
preparation to this propofltion, we muil firft. 
fhew, by the following problems, how to 
find thofe places to which any ftar is a cor* 
refpondent, and thofe ftars which are corref- 
pondents to any place. 

Problem L* 

To find all thofe places to which 
any ftar is a correlpondent. 

431. Firft find the declination of the ftar 
on the celeftial globe by problem V, art. 55. 
and remember whether it be north or fouth; 
count the fame number of degrees upon 

the 
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the ftrong brafs meridian of the terreftrial 
globe the feme way from the equator, and 
note the place by holding the edge of a 
card thereto; turn the globe from eaft to 
weft, and all thofe places which pafs under 
that point, will be correfpondents to that 
ftar, becaufe they will be in the line paffing 
from the center of the earth through the 
very place upon its furface, to which the ftar 
is at that time vertical. Thus, 

The declination of the ftar marked y, in 
the head of draco, is 51 deg. 32 min. equal 
to the latitude of London; therefore this 
brilliant ftar of the fecond magnitude may 
be called the ftar of this metropolis, without 
being.deprived of its own name ; it may like- 
wife take the name of any other place in the 
parallel of London. 

432. The reverfe of this problem being 
to find all the ftars which are correfpondents 
to any place, is fo eafy as to require no far- 
ther explication, than that of applying firft 
to the terreftrial globe. 

The apparent diurnal motion of one ftar 
only, will fucceflively ftiew its perpendicu- 
larity to various countries, as will appear by 

A general 
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A general dcfcription of the paflk^ 
of the ftar marked y in the head 
of the conftellation draco^ over 
the parallel of London* 

433. This emineDt ilar traces the parailel 
of London, and is a ftar of perpetual ?pp^ 
rition to the inhabitants of the Bdtannic 
liles ; it copies upon the nxeridian of London 
with the 2681th degree of right aiceiifioQ> 
and is at that time diredly peirpen^ktli^ tQ 
Pf over the heads of the people in thi* cify, 
two nunutes of an hour after it$ wariimg 
ftar marked k in the milky way, has pcuQM 
the meridian. 

434. Note, This ftar mai:ked k ia the 
foutherpaoft of 4 group of five ftars, fituated 
between the ftioulder of ferpentariu$ and 
Sobiefki's ftiield, which in the firmai^ent 
appear in the forni of a Roman V, as m^y 
be feen upon the globe, 

435. The dcplinatiott of our qoirefpon- 
dent ftar y in the head of draco, is 5 1 deg. 
32 min, qqual to ^e latitude of London } 
with which apply to the torreftrial . ^obe, 

and 
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and bring London to the graduated fide of 
tbp ifarong brai^ meridian, and fet the edge 
of % c^rd thereto, holding it to the brafe 
meridian with your right hand, while you 
gradually turn the globe from weft to eaft 
with the other hand, and that point of the 
card which is upon the globe will then re* 
prefent the interfedtion of that line upon the 
fuf&ce of the earth, which we b^ve fup^ 
pp&d to pafs from the center of the earth 
to tibie ftar$ and as this point, though at 
r«ft, pafles over the parallel of London upon 
tbf globe, fo docs the central ray, proceeding 
iroro the ftar, really pafs over every point of 
)ai|d, and fea, upc^i that part of the earth 
wht^h is. circumfcribed by the parallel of 
London* 

436 • Thus you will fee the ftar marked % 
in the head of draco, pais from London over 
the road to Briftol, and dart his perpendi- . 
cular rays upon that city \ then crofling the 
fea, it reaches Ireland between Kinfale and 
Cork, and leaving that kingdom, will ftiinc 
over the Atlantic Ocean, until he is perpen-* 
dicular to the north cape of Newfoundland; 
whence it will be vertical to E&imos, and 
between lake Achoua and the north* 
N 4 ern 
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ern coaft of the giilph of St. Lawrence? 
then he will crofs St. James's Bay, Kriftino, 
&c. and pafs weftward over a vaft fpace of 
iand but little known to the Europeans $ 
thence will leave the weftern coaft of North 
America, tp fliinc upon the northern part 
of the Pacific Ocean, until he is perpen- 
dicular to fevcral iflands, one of which is 
called St. Abraham ; it croffes the fouthern 
land of Kamfchatika, and the ifland San* 
galien 5 thence it becomes ' perpendicular to 
the continent, near Telmen on the eaft fide 
1;^ Mongales in Chinefe Tartary, and fo pro- 
ceeds to caft its perpendicular rays over a 
vaft country in Afia, being fometimes a 
zenith point to the Chinefe, at other times 
to the Ruflian Tartars, and pafling over 
Biclgorod, becomes vertical to Mufcovy, Po- 
land, Germany, and Zelanc}, and fo croffes 
the fea again to return to its perpendicu- 
larity over the city of Lcmdon : all which is 
performed by the earth's diurnal motion in 
fo fhort a time as twenty^three hours and 
fifty-fix minutes- 

437. When a beginner has been thus 
exercifed with die general paffage of two or 
three printipai flars over their correfpondent 

parallels 



Digitized by 



Googk 



Cdeftid and T^erreftrial Globes. 1 85 

l^arallcls'on different parts of the earth, his 
ideas will be fo greatly improved, that maps 
and charts may then be laid before him 
with propriety, in order to confirm him in 
the knowledge of the particular parts of 
thofe very parallels of which he has ali^eady 
attained a general idea upon the globe. 



Problem LL 

To find a fignal or warning flar, 
that {hall be upon or near the 
meridian of an obferver, at the 
time any known ftar is perpen- 
dicular to any place on its cor^ 
refponding parallel, c / 

438, Bring the given pkce to the gra- 
duated fide of the ftrong brafs meridian on 
the terr^flrial globe, and it will cut the de«- 
grees of its longitude, reckoned eaftward 
from London, upon the upper row of figures 
^ver the equator j then 

Apply to the celeftial globe, and fet the 
given ilar under the graduated fide of the 

ftrong 



Digitized by 



Googk 




' l86 D«8C»iPTiQn and Use if tl» 

ftrong bca& meridian, which wUi cut th« 4^ 
grec(^ its right afoenfion onthe«qiiiiio£t]ti> 
If the fituation o£ the ohferver is 
weft of the given place, fubftrad the toy 
Teftnal longitude from the right aicenfioa of 
theftar ; if eaft, add the longitudr, and ma?e 
the celeftial globe,, till the fum or refidue 
thereof is under the graduated fide of die 
ftrong brafs meridian, and then that fame 
fide will be diredtly over thofe ftars which 
afe^ upon^ or have juft pafled, or are qot 
^uitt come up to the obferver's meridian, at 
the moment the given ftar is vertical to the 
pfc^cepropc^d J either of which will CQrr«My 
^fwcr the prefent purpofe, and become the 
fignal or warning ftar -, that upon its arrival 
on the meridian will declare the given ftar 
to be vertical to the place aftigned. 

Thus let the obferver be in or near Lon^ 

dofl, and the bright ftar in lyra or the harp 

of the irft magnitude be given, it is called 

, Vdga and marked » ; this ftar is a corre^ 

^ pondent to die fouth weft cape of the iiland 

I of fisirdinia in thq Mediterranean. 

439. The longitude of tfiis. cape from 
London is 9 degreei;, ^nd the right afeenfion 
of th? ftw vega i$ 277 degrees, as London 

i« 
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k weft of Saniiniai 9 dcgf eee fobftradled frcmi 
TtfJ degrees, leaves a68 degrees of right 
afeetifion, tc^ wkich the ceieftial globe being 
fet, the graduated fide df the (lirc^g brafs 
meridian wiU be found dircftly over ^ ftar 
> in draeo, and alio over a ftar of the fourth 
pnagnkude in one of the heads of CerbeFiis. 
Thefe are eminent fignals, and both upon the 
meridian, when at the fame time the I^sf 
marked flj in the knee of Hercules, will have 
paiied the meridian about two minutes of an 
hour, and the ftar marked P, of the fourth 
magnitude in the milky way, will want abduC 
>wo minutes of an hour pf coming to St. 

440. Hence when the (far mfurked y; in 

the head <;^ draco, fend? forth its pfrpcftdi- 

cular rays upon th^ city of LiondoAi th( ftar 

yega in lyra will alfo be perpendicular tp the 

S W cape of the ifland of Sardinia. At which 

time an obferver at London will be fenfible 

of the diftance between the zeniths of the 

two places, and may note the bearing of 

Sardinia from London upon his fenfible 

horizon, to which he may refer at any time 

in the day. An obferver at Sardinia may note 

the fame with refpedt to the diflanQC and 

bearing of London from him. 

441. To 
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44r. To excite ftudents wbo have an 
afpiring emulation to improve themfelves in 
this extenfive fcicnce of geography and aftro- 
noroy, the principal requifites whereby they 
may acquire univerfal knowledge, we fhall 
proceed to illuftratc this fyftem of the natural 
agreement between the celeftial and ter- 
reftrial fpheres, by a few interefting ex- 
amples. 

i> Example I. 

44a. When the ftar marked y in the 
hqad of draco, is perpendicular to 
the city of London, the twelve fol- 
lowing ftars may be feen from 
thence at the fame time, when 
they will alfo be perpendicular to 
as many places upon the earth. 

443. The fignal or warning ftar is y in 
the head of draco, which comes upon the 
meridian with the 268th degree of right 
afcenfion j it will be vertical to the city of 
London two minutes of time, after the ftar 
marked k, in the milky way, near the equi- 

noxji 
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nox, has paffed the meridian, at which time 
the twelve following ftars will be vertical 
to the places they ftand againfi 



Weft of London. 



Rig 

267I 
267I 

261 

198 
175 

191 



Knee of Hercules 
Wrift of Hercules 



Decl. 

and 
Lat. 

37 

30| 



Ras alhaguSySer- 

pentarius 
Spica Virginis 
Deneb Alafad, 

Lyon's tail 
Alioth, id in tail 

Great Bear 



} 



^}!- 



I2i 

10 

16 

.1 



Old 



Carthagena, 

Spain 
Frontiers of Mo 

rocco and Tar 

gua 
Kingdom Kom- 

bergrada, Africa ^ 
Peru, South- America. 70^ 



'] 



W. 
Lon 

of 



Ghapa in Mexico 

|lfleBelchier,Hud- 
fbns Bay 



93 

77 



Eaft of London. 



Afc. 



277!Viga, inLyra 



295 



Atair, Eagle's neck 



Ded. 

and 
Lat. 

38f 

8 



290 



Swan's beak,Al- 7 
bireo J 

308 Deneb, Swan's ( 

ramp \ 

343 Sheaty in Pegafus 

309 Swan's So. Wing 



iS27 



33li 



S. W. Cape, Me 7 
of Sardinia \ 

Frontiers of Be-l 
nin and Nigriti, ? 
Africa J 

Mid. Levata in } 
Tagua, Africa J 
Palmyra 

Middle of Mogurs) 
Empire > 

Frontiers of Tur-"J 
key in Afia, and > 
Defart Arabia J 



Eaft 
Loa. 



22 

40 

75 

4« 



449. The 
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444* The ufc of a warning ftir » ttf 
fxrint out the ttuetknc of the phenomenon^ 
which is to be fiift nearly found by obtain- 
ing the time of the right afcenfion of that 
ftar for the evening, on which the obferva- 
tion is intended to be made. 

This table of correlpondents was formed 
as follows, 

445. The right afcenfion and deelinatioft 
of the (lars was found in round numbers 
upon the celeftial globe, and written in two 
columns, inclofing the names of the ftars ^ 
the columns for the names of the corre^ 
pondent, places being left bls^ik for their 
infertion afterwards. 

446. Next, as the longitude on our new 
terjreftrial globes is numbered both ways 
from the ixferidian of London, whatever the 
right aiceniion of the figoal ftar may happen 
to be, that point of the celeftial f{^re is 
likewife confklered to be upon the meridian 
of London- Therefore, 

447. To gain the longitude in die laft 
column of the table, if the given ftars were 
caft of the fignal, the right afcenfion of the 
warning ftar was fubftradted from the right 
afcenfion of the giVen ftar. • 

But 
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But the weft longitude was obtained by 
fubftrarflixig the right alceniion of the gtveti, 
ftars from that of the fignal. 

448. The reverfe of this example is to 
find, what ftars will be perpendicuUr to any 
place upon the earth, a warning ftar being, 
known^ that (hall be upon the meridian of 
an obferver, when the ftars to be fought 
fliall be vertical to the places afligned, whkh 
the reader will eafily perform fit)m what 
has been already faid. 

449. When a ftar is known to be pei^- 
pcndicular to any afligned place, its contf- 
pondenite to that terreftrial point may be 
equally affirmed to all thofe who can fee it 
at that inftant from any part of the earth, ot' 
^ they may then happen to be upon. 

450^ If an dWerver in Palmyra^ anotfaef 
in the middle of the Mxigul^ empire^ a third 
at Levata in Africa, and a fourth at Qjiapa 
in Mexico, ftiould look at the ftar 
>, in the head of dtaco, the moment it 
is in the zenith of London, they will fee its 
correCpondence to that metropolis at one and 
the fame inftant of time ; their hour only 
will be different according to the difference 
of meridians, as thofe places are fituated 
Cither eaft or weft from London. 

45 J- The 
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451. The fignal or warning ftar to ea[ch 
of thefc places, is the perpendicularity of 
that ftar exprefled in the preceding catalogue 
of twelve ftars. 

452. From the obfervation under either of 
thefe ftars in the catalogue, may be feen the 
other twelve ftars, when they are (hining 
over the heads of the inhabitants of all the 
other countries therein named. 

453. This conftitutes the fyftem of aftro- 
nomical geography before fpoken of. It 
affords iis a real aftiftance from the heavens, 
whereby we not only fee the marvellous 
diftances of a multitude of celeftial bodies, 
compofing that part of the univerfe which 
we are permitted to behold -, but it alfo 
enables us to comprehend the diftances and 
bearings of the moft remote countries from 
that point of the earth upon which wc 
ftand. 

Example IL 

454. When the bright ftar marked iS, in 
the head of caftor, is upon the meridian of 
London with the iioth degree of right 
afcenfion, the twelve following correipon- 
dents will be vertical to the places annexed. 

Weftward 



\ 
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Weftward. 



Rig* 
Afl 

«4 

^l 
4» 



47 
76 



Girdle of Andra- 7 
meda^ Mizar } 
Caiiiopea's thigh 

Almaaky foot of) 
Andromeda ) 
Shoulder of Perfcus 



Algenib,Perfeus'sfide 
Rigel, Orion's foot 



Dec. 

and 
Lat, 

34 
59 



Kichnansj Lomfiana 

P.Walesfof t. Hud- ) 
fons Bay J 

Twightees. 



> S. of J 
lichigan J 



Lake Michigan 



2 EQtimos between \ 
L* Otter and L.( 
Pitetibi, North f 
Araeriea > 

Cape Rsfher, G. { 
St* Lawrence j 

Sea and Coafl of ^ 
Olinda V 



Lon, 

92 

H 

68 
34 



Eaftward. 



|Afc. 

132 
139 



H3 
149 

,76 
192 



Great Bear's foot 
Hydra's heart 

Comer of the ' 

Lyon's xnooth \ 
Regulus, Lyon's \ 

heart ' ' 

Third in the Sq. 

Great Bear 
M. Wing of Virgo, 

Vindematrix 



Dec. 

and ^i4t- 

Lat. 

i I47 Middle of Hnngary 
8 'Kingdom MafTey, \ 
Africa J 

f 25'Nahaira, in Egypt 
*'3 



12 



AbyiTinia, Africa 
Oft iakis.S.W. part) 
of Siberia J 

Sea 2° E. of Pon- 
dicheiry 



E. 
Loh, 

22 

29 

33 

39 
66 

82 



Thefe ftars are vifible in the months of 
January, February, and March, 

O Example 
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Example JIJ, 

455. When the hrjgjit ftar marked «* in 
the ear of corn, which Ae virgin hol4s in 
her hand, c^led fpica vir^s^ is upon the 
pieridian of London with i^f^ degrees of 
r^t afcenfion, the following twelve ftars 
will be vertical to the feveral places ii^ the 
following table. 

Weftward. 



J ..... .; 



EST 

and 
Lat. 

29 



Afc. 
90 

139 
149 

191 



FirUfbrinthefoot) 
ofCaftor 5 

Head of Pollux 

Hydra*& he^ 



/8 



Regulus, Lyon's 7 
heatt \ 

Lyon's tail, Alafad 

Firft in tail Great ) 
Bear, AHodi ) 



7l 
S7 



liles of Ties Ma- 
rias, New Spain 

Sea near C.Eicoa- 
did. Florid- 

Yamari, a Brancb | 
of tke ^mazo- > 
rian River J 

Sea 120 E. of the 
AntiUes 

Near Bonavifta, C, 
Vcrd Ifles 

Weftem Ucs of 
Scotland 



W7( 
Lon. 



108 

61 

49 
25 



Eaftward. 
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Eaftward. 



5%^ 

Afc. 

212 

243 

249 

277 
290 

294 



N. tUnd di Bootes 
Scorpion^s heart 



In the Back of 

Hercnlef 
Ve^a, in Lyra 

Albltfi«,the Swan's' 

beak 
Aaff, in the Eagte 



} 



Mid 

Lai. 

5^ 



« 



25 



39 
39 

iS|2S 



3 



Lon. 



S. of Bi^ii, in 
Pnifia 

is. CoaftofMadii- 
ga^fto 

S.EaftoftheCaf.l 
plan Set ^ 

Coten, in Tartary ^ 

Toudfang, in Thi- 1 
bet Mapr ^ 

Eaflern Sea, or 1 
Coaft of Mai- > 
locca 3 



96 



This phenomenda may be feen in the 
months of ApriJ, May, and June. 

EXAAIPLE IV. 

456. When the ^St^th degree of right 
afcenfion Is upon the meridian of London, 
fignificd by one rnittute of an hour after the 
ftar marked S^ in the fbuthern wmg of the 
eagle has pafled the meridian, then the 
twelve foUowing [rfaces wiE have the annex- 
ed ftars in their zcawth. 



O 2 



Weftward* 
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206 

219 

226 

236 
240 
267 



The ftar in the leg ) 
of Bootes ) 

Soathern Scale of } 
Libra ) 

Northern Scale of 5 
Libra ) 

A ftar in Scorpio 
Hand of Serpentarios 
Knee of Hercules I 



Dec. 

and 

Lat. 

20 



Sea 20 S. Cape 7 
Conente, Cuba ) 
Collao, in Peru 

Amazonia, America 



Paragua, America 
N. W. part of Brazil 
N. of St. Michael, ^ 
in the Azores 



\ 



W. 
I^oii. 

70 

6j 

53 
49 



Eaftward. 



Rigt.' 
Ail. 

321 
328 



331 

343 

359 
360 



Sideof Cepheus 
Shoulder of Aquarius 



Firft in the head? 
of Cepheus \ 
Markab in Pegafus 

Andromeda's head 
A ftar in Pegafus 



Dec. 
and 
Lat. 



R 



70 



E. 
Lon. 



Fro. Sea near Ifle 7 

Wardus,Laponia j 

Between Sio andl 

Ampaia, Zan- > 

gueoar j 

Ruflia, 40 E. of I 

Mofcow J 

Sea Coaft, in Per- 1 

flan Gulph \ 

Tala,Mogurs Empire 
Sea near file Lak- 

dinas 



Thefe ftars may be obferved in the months 
of July, Auguft, and September. 

Example 
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Example V. 

457. When the ftar marked fl in the 
fide of the whale is upon the meridian of 
London, with 1 8 degrees of right afcenfion, 
the twelve following ftars will be in the 
zenith of the annexed places. 

Weftward. 



Rig*. 
Afl 



290 
294 
508 
324 
33« 
34< 



The Swan's beak 

Firfl in the Swan*s 

wing 
Deneb, in the 

Swan's rump 
Side of Cepheas 

Head of Cepheus 

Fomahanty month 
of Pifces Notins 



} 



1 



Dec. 
and 
Lat. 



•^44 



28 



44i 



Gulph Mexico,; o 

S. Miiifipi 
Lake Michigan, 

Canada 
New England 



} 



^ 70 Cninberland near 7 

I Baffin's Bay 5 

56 N. Sea, £. of La- ~ 

I brador 

J30 Middle of the At- 

I i lantic Ocean 



Lon. 

88 

84 
70 

S7 
47 
37 



O3 



£aAwar^ 
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t 



?.7 

4* 

43 

53 
96 



land' 
Lat. 



Almaak, foot ^lU 
Andromeda J ^,^* 

&lioaUer of Pcrfeos y 5^ 

Mcnkar, Whalc'8 * 
mouth 

The Pleadies 

North foot of PoUi 



Lon.* 



1 1 2 iProcyon, little Di 




SMCoailefSavjUiila 

Brifac Luthaaia 

Bake Btake, Africa 
Frontiers of Egypt ' 

and Nubia 
iGolconda, Afia 



ft, dScaioN.W.Achem"^ 
V 9 ttiuBiftfrft 

m 



9 

24 

35 
78 

94 



The ftars in this example may befeeain 
the iponths of Oftobier, Novembefj^ and 
Pleceipiber. 

Problem Lll. 

The phenomena of the harveft 
moon* 

458. When the moon is at or near the 
full about the time of an autumnal equinox, 
(he rifes nearly at the fame hour for feveral 
nights togetiier, which phenomenon is call- 
ed the harveji moon. 

To 
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Ta actotfiif Ibf thfe ufJoftt die cdeftial 
^bbe, fet the aftifeial fen uf>dft tfec fifft 
point of Bbm, \frhere the fnn muft necef- 
farily be at civ6ty aLutflriinal equinox, and 
place the artificial liSoon U{)6n the firft point 
(A arie^j where flid riiiift be if i fall riioott 
fhcmld happen at that tkme. 

459. Re<aiff the globe to the pofition of 
a right fphe#e, art. 234. which anfwers to 
the teh^itants of the equator; bring the 
e^te# of the ai-^cfec! fuft to the weftern 
edge tif the broad^paper circleV and the 
horafy ifisdex m this cafe being the graduated 
edge (Jf the ftrong bfafe nrcridito, wift cut 
the time of the fai/$ fetting, and the ntobn s 
riflng ^ hence it is obvJoos the moon wiH rift 
when the fon fetSji which v^ill be at VI 
adock, becaufe they are both foppofed to 
be in the celeftial equator, but in oppoi^e 
%ns. Therefore on that day t3ic fariic phe* 
nomenon will happen in all latkodcs be* 
twcen the equator and either pole, 

460^.' But as the moons motion in her 
<»bit,- which we (haU at prefent confidef as 
coiniid^^nt witii the ecliptic, is afeoivt ^3 de^. 
*d^ rnifj*.' every day, which retards \At dior- 
fldJftK^n aboul jfi min* 56 fee. of timb 
O 4 with 
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with refpe<a to the firft point of arips, this 
daily difference as k relates to the fan ia 
generally reckoned at 48 minutes of time, 
or two minutes for every hour. 

461 • Let us now enquire upon the globe, 
what time the moon will rife the next night 
after the autumnal equinox, at which time 
the fun will have advanced one degree in 
libra, and the moon 13 deg. 10 min. iaaries, 
which is i^ degrees more than the fun has 
done in the fame time, therefore place the 
center of the artificial fun upon the firfl de- 
gree of libra, and the artificial moon on 
13 deg. JO man. of aries, the globe being 
redified as before to the pofition of a right 
fphere, bring the artificial fun^ uxkier the 
graduated fide of the flrong brafs meridian; 
and fet the horary index to XII, turn the 
globe until the artificial fim coincides with 
the weftern fide of the broad-paper circle, 
the horary index will fhew he fets that 
evening at VI o'clock, and the globe being 
turned till the artificial moon coincides with 
the eaftern fide of the broad-paper circle, 
the horary index will (hew the moon s rifing 
that evening to be about 48 minutes pafi: 
VI o'clock, with 5 degrees of amplitude 

northerly, 
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northerlyj as fhe is now^ entered into the 
northern half of the ecliptic. 

462.1 Now elevate the north pole of the 
globe to the latitude of London, every other 
rcdification remaining the fame, and bring 
the artificial moon to the eaft fide of the 
horizon, and the horary index will point to 
20 minutes paft VI, her time of rifing and 
her amplitude at that time will be about 8 
degrees, three degrees more than at the equa- 
tor the fame evening. 

.463. If we thus inveftigate the time of 
the moon's rifing for two or three nights to- 
gether before and after the autumnal full 
iiK)on, it will be found nearly the fame. 

464, The reafon is that the full moons 
which happen at this time of the year, arc 
afcending from the fouthern into the north- 
ern figns of the zodiac, whence the moon 
defcribcs a parallel to the equator every 
night more northerly, which increafes her 
rifing amplitudes confiderably, and more fo 
as the latitude is greater, as in the prefent 
example \ hence it is plain the nearer any 
celeftial obged: is to either pole, the fooner it 
^fcends the honzon. 

465. Every 
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465. Every tWng rcmdfnflg as bdbf* if 
we elevate the HOtth pdte 6f the globe to 
66i degrciei, which id the Ifttitude of the 
northern polar circle, and bring the artificial 
moon to th6 eaft fide of the horizon, fhe 
will be found to rife about the fame time 
that the fun fet^ the evening after the auturtl- 
nal full moon, which is about VI o'clock, 
at which time and place her amplitude will 
be about 13 degrees. 

466. In this pofition of the globe if the 
artificial moon be removed i;j deg. la tain, 
upon the ecliptic, which is her mean ittotion 
therein for one day, and fo on for fourteen 
nighta together, Ihe will be feen Co rife 
withMi the ^ce^ of one hour durhrg that 
time, which wHI be clear on cfcfervittg that 
half the ecliptic rifesF at once. 

467. It h remarkable that when. the 
ittoon varicB left in the time of her rifing, rfte 
diuma* Afferences arc greateft at the times of 
her felting. 

What ha^ been feid with refpcft to 
noTtblalifudes is^ecpiaHy applicable to foudi 
latitiKks. > 

468. In like manner the new moons m 
fpring rife nearly at the fame hour for 

feveral 
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feveral nights fucccffively, . while the full 
moons rife later by a greater difference than 
^t any other time of the year, becaufe at this 
time of the year the new moons are in the 
afceriding,-and the full moons in the defend- 
ing figns. 

469, This phenomenon varies in different 
years, the moon's orlrit being inclined to the 
ecliptic about 5 degrees,, and the line of 
nodea continually moving retrograde, die 
inclination of her orbit to the equator will 
be greater fometimca than at others^ which 
prevents her haftening to the northward or 
defeending ibuthward in each revolution 
with equal pace. 

Problem LIU. 

To, find tke timfe of the year in 
which ft Har rifes or fety cofini- 
cally or achronically. 

470. The cofmical rifing and fetting of a 
ftar, is when a ftar rifes with the fun, or fets 
at the time the fun is rifing* 

Elevate 
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Elevate the pole of the celeftial globe to 
the latitude of the place, and bring the ftar 
to the eaftem edge of the broad-paper circle, 
and obferve what degree of the ecliptic rifqj 
with it, which feek in the kalendar on the 
broad-paper circle, againft which is the 
day of die month when that flar rifes 
cofinically. 

Turn the globe till the ftar coincides with 
the wcftem edge of the horizon, and that 
degree of the ecliptic which is cut by the 
caftern fide, gives the day of the month 
when the ftar fets cofmically ; fo likewife 
againft the degree which fets with the ftar 
you have the day of the month of its acro- 
nical fetting, and if you bring it to the 
eaftem fide of the horizon, that degree of 
the ecliptic then cut by the weftern fide of 
the broad-paper circle fought in the kal- 
lendar, will ftiew the day of the month 
when the ftar rifes achronically. 



Problem 
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Problem LIV. 

To find the time of the heliacal 
rifing and fetting of a ftar. 

471. Elevate the pole of the celeffial 
globe to the latitude of the place, bring the 
ftar to the eaftern fide of the broad-paper 
circle, fix the quadrant of altitude to the 
zenith, and apply its graduated edge to the 
weftern fide in fuch a manner that its 12th 
degree above the horizon may cut the 
ecliptic, the point oppofite to this W\\\ be 
1 2 degrees below the broad-paper circle on 
the eaftern fide, and is the fun's place in 
the ecliptic at the time a ftar of die firft 
magnitude rifes heliacally, feek this point in 
the kalendar, or upon the ecliptic line on the 
globe, againft which you will find the day 
of the year when that ftar rifes heliacally. 

To find the heliacal fcttbg bring the ftar 
to the weftern fide of the horizon, and turn 
the quadrant of altitude on the eaftern fide 
till the 1 2th degree cuts the ecliptic, its op- 
pofite point is the fun's place, which fought 
cither upon the kalendar or ecliptic line, 

gives 



Digitized by 



Googk 



^g6 DESCRIPTION and Use oftbt 

gives die day of the year when the ftaar 
fets heliacally. 

Stars of the firft magnitude, according to 
Ptolemy, rife or fet heliacally when they 
are 12 degrees diflant from the fun, that is 
when the flar is rifing the fun muft be de- 
pre0ed in the perpendicular below the hori- 
2;on 12 degrees, that the ilar may be far 
enough from the fun's rays to be feen be- 
fore he rifes. 

Stars of the fecond magnitude require 
the fun's depreffion thirteen degrees, and 
thofe of the third magnitude fourteen dc- 
greea> &c» 

The manazil al kamer of the Ara- 
bian aftronomers, from Ulugb 
Beigh, publiihed at Oxford 1665. 

472. The manazil ai kamer of the Ara- 
bian aftronomers, are XXVIII, they are 
fo called, i. e. the manfions of the moon, 
becaufe they obferved the moon to be in or 
near one of thefe every night during her 
monthly courfe round the earth, they are 
thefe that follow, to which upon the globe 

the 
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type. 

I. JlBheratdriy thefe are the flrft andfc- 
Qstii^ 9(9i% of ^ieS) or the (br$ in the ram» 
hornS) marked j8 and y, with I, (T , fig- 
nifying the firfl manfion of the moon, 
which the reader will picafe to romember 
once for all. 

II. Bttein theilars if) the ra^iu belfy Kcordn 
ing to Ulugh Bdgh, fagti Ba]Kr utd on our 
glob? 8 aqd f 

III. Al'Thuraiga^ the pleiades. 

IV. Atl>tka*&n^ the ball's eye. 

V. Al BeVoy the three ftars in the head of 
; orion. 

VI. M Hen ah, the ftar marked | in the left 
feot (^pcllinc. 

V|I. M Xiira, the two b>:^bt ftars, gne in 
^ head of caftor, the o^her in poUvix, 
«wrked fl^ and ^. 

VIII. Al 
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VIII. jilNetbrahy the nebulae or group of 
ftars in cancer, marked e called by the^ 
Greeks <px.yr)^ i. e. praefepe. 

IX. AlHerphab^ the lyon's eye marked ft. 

X. At GeBha^ the ftar in the lyon's main 
marked C- 

XL M Zub'raby the ftars in the lyon's rump 
marked S" and 6. 

XII. Al Serf hah, the lyon's tail marked /S, 
called deneb al a£ul. 

XIII. jilAwwa, they arc four ftars in vii^ 
marked wJ^ ft >• 

XIV. Simik al Azal, the virgin's Ipikc 
marked a. 

XV. AlGaphr, three ftars in the £kirt of^ 
the robe of virgo marked 9 * x. 

XVI. AlZubhna, that is libra,, the northern 
fcale is called Zubdnah Al Shemaliy and 
is the ftar marked ^, the fouthern fcale 
marked a, is called Zubdnah al Genubi^ 
ftiemali fignifies northern, and genubi ' 
fouthern, they are exadly mifcalled on 

the 
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&e common globes of modem conftruc- 
tion. 

XVII. jil-MU thefc are the four ftars in 
fcorpio marked y 9^ S" %. 

XVIIL yf/Ai?/^, the fcorpion's heart marked 
a more fully. Kdb Al Akrab^ the word 
jintareSy if it is not a corruption, has 
no fignification, and is therefore omitted. 

XIX. Al Sbauiabj the fcorpion's tail, or the 
Ifar marked A. The word Lefath we have 
omitted, being another pronunciation of 
Lafahy the true name is Sbaulah. 

XX. Al Ndaimy thcfe are eight ftars in fa- 
gittary, marked y S" s ^ f/, a- ?>4; 
Uiugh Beigh makes them only three, 
i. e. y 0- 4. 

XXL A! Beldahy this is that part of the 
horfe in fagittary where there are no 
ftars drawn, and if there be any in that 
part of the heavens, it is thought they • 
are only telefcopic ftars. 

XXII. Sad'JU DdUby three ftars in Capri- 
corn, marked « /3 ». 

P XXra. Sad 
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XXIII. Sad JI BuJa, the ftar marked f in 
the hand of aquarius. 

XXIV. SadAlSuud, the ftars marked /2 and 
^ in aquarius. 

XXV. Sad Jl Achbigah^ three ftars in a^ 
quarius marked y § fl. 

XXVI. Al Pberg d Mfibaddem, the ftar? 
marked « and ^ in pegafus. 

;XXVIL Ai Pherg al Mudechir, thefe ar? 
two ftars, one in the head of Andrpmedqi, 
marked j^, the other in the wing of pe? 
gafus, marked y. 

XXVIII. A/ Ri/Iod, the ftar marked /3 la 
the girdle of Andromeda^ 

Thefe are a divifion of the heavens, dif-* 
iferent from any thiftg die Grdcks were 
acquainted with, and therefore was notbor? 
ipwed from theni* 
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Problem LV. 
To find a meridian linct 

473, Bring the fun s place in the ecliptic on 
the celeftial globe, to the graduated j(ide of 
iJie ftrong brafs meridian, and fet the ho-. 
raiy index to that XII. which is moft ele- 
vated ; turn the globe, till the ftar niarked 
y in Cafliopea's hip, is under the graduated 
fide of the ftrong brafs meridian, with 
about II degrees of right afcenfion, at 
which time the polar ftar, in the extremity 
of the tail of the little bear, will be above 
the pole, and upon the meridian alfb. If 
you find in this application of the globe, 
that the horary index points to any hour of 
the day, when the globe is reftified to the 
latitude of your fituation, turn the globe 
again, till the ftar marked ?, called Alioth, 
being the firft in the tail of the great bear, 
is under the graduated fide of the ftrong 
brafs meridian, and then the polar ftar will 
likewife be upon the meridian, with about 

191 degrees of right afcenfion^ but under 
the north pole, and the horary index will 

P z point 
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point out the time of the night when this^ 
phenomenon is to happen, before which, 
you are to have the following apparatus; 
properly prepared, that you may be r^ady 
to attend the obfervation, that is, to find, 
your meridian line. 

Sufpend two plumb lines, and let their 
weights be immerfed in water, to prevent 
their vibrating, but in fuch a manner thfit 
the ftring of one of them may be direftly, 
between the polar ftar and the ftring of the 
other. After this adjuftment of the ivm 
ftrings, if they remain untouched till the. 
next day at noon, a meridian line n)ay hfi. 
obtained at any window in the houie whklai 
has a fouthern afped, by fufpending lines 
as above from the ceiling, that next thp 
window may be fixed, but the other ihoul4 
be moveable in a diredtion nearly eaft an4 
weft, the weights of thefe ought alfb to bft 
immerfed in water ; then, if two perfons. 
attend a little before noon on the next day, 
one of them at the two firft plumb lines 
which were adjufted to the polar ftar» and 
the other at the two plumb lines in the 
houfe which are then to be adjufted, each 
ef them holding a iheet of white paper in 

their 
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their hands, to receive the fliadow* of the 
two firings caft thcfeoii by the fun; the 
• iirft obferver is to give a fignal to the fecond 
of the inftant the two ihadows on his paper 
afe united in one and the fame line, at 
which time the fun will be precifely upon 
the meridian. The other obferver in the 
houfe is like wife to attend with diligence, 
and' as the fon is coming nearer and nearer 
lb "the meridian, he is conftantly to remove 
his moveable plumb line, and keep the fba- 
dows of his two firings always united in 
one cfiftinft (hadow, that his obfervation may 
Be compleat, when his afliflant gives the 
definitive fignal. 

•474. If this be repeated four or five 
fimesy a very accurate meridian line may 
be obtained, and may be drawn on the 
window, the floor, or a pavement, by their 
flladcw when united by the fun's rays, and 
the plumb lines may be occafionally fufpen- 
ded from two fixed hooks, when you chufe 
to okferve the paflage of the flars a-crofs the 
meridian. 
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Problem LVl. 
Of the equation of time. 

475. As time flows with great regula-' 
rity, it is impoffible to meafure it accu- 
rately, and compare its feveral intervals 
^ich each other, but by the motion of 
fome of the heavenly bodies, whofe pro- 
grefs is as uniform and regular as itfelf . 

Ancient aftronomers looked upon the fun 
to be fufficiently regular for this purpofe> 
but by the accurate obfervations of later 
aftronomers, it is found that neither the 
days, nor even the hours, as meafured by 
the fun's apparent motion, are of an equal 
length on two accounts. 

I ft, A natural or folar day of 24 hours, 
is that fpace of time the fun takes up in 
pafting from any particular meridian to the 
fame again, and one revolution of the earth, 
with refpeft to a fixed flar, is performed 
in 23 hours, 56 minutes, 4 feconds ; there- 
fore from the unequal progrefllon of the 
earth through her ecliptical orbit, as fhe 
takes almoft eight days more to run through 

the 
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the northern half of the ecliptic, than fhc 
does to pafs through the fouthern, is the 
reafon that the length of the day is not 
exadlly equal to the time in which tbci 
earth performs its rotation about its axis. 

2dly, From the obliquity of the ecliptic 
to the equator^ on which laft we meafuref 
time, and as equal portions of one do not 
correfpond to equal portions of the other, 
the apparent motion of the fun Would not 
be uniform ; or, in other words, tliofe points 
of the equator which come to the meridian, 
with the place of the fun on different days, 
would not be at equal diftances from each 
other, which as to the time of the fynV 
appearing upon the meridian, or Shewing 
the time of the day upon a dial, is the 
fame as if it had an irregular motion thro' 
the equator, and therefore caufes it to ren- 
der the days unequal among themfelvcs. 

This laft is eafily feen upon the globe, 
by bringing every tenth degree of the eclip- 
tic to the graduated fide of the ftrong brafe 
meridian, and you will find that each tentfx 
degree on the equator will not com? thi- 
ther with it, but in the following order 
.from T to 23, eveiy tenth degree of the' 

P 4 ecliptic 
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ecliptic comes iboner to the ikong \(S9& 
meridian thandieir correfponding loths an 
the equator j thofe in the fecond quadrant of 
the ecliptic, from ffi to ^a, come later, from 
^i to vs fooner, and from vs to aries later, 
whilft thofe at the beginning of each qua- 
drant come to the meridian at the fame 
time; therefore the fun and clock would 
be equal at thefe four times, if the fun was 
not longer in palling through one half oF 
the ecliptic than the other, and thefe two 
inequalities joined together, compofe that 
difference which is called the equation of 
time, 

476. Thefe caufes are independent- of 
each other, fometimes they agree, and 
^t other times are contrary to one ano- 
ther. 

. 477, The time marked out by a uniform 
motion, is called true time, and that (hewn 
by the fun, is called apparent or fblar 
time, and their difference is the equation 
of time. 

47 8, We now proceed' to (hew 
how the terreftrial globe will repre- 

fent* 
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ient the real phenomena relating to 
the earth, when a£lually compared 
with the refulgent rays emitted from 
the great fphere of day* 

479. The meridians on our new tcrrc- 
ftrial globes, being fecondaries to the equa- 
tor, are alfb hour circles, and are marked 
as fuch with roman figures under the equa- 
tor, and at the polar circles. But obferve, 
there is a difference in the figures placed 
to the fame hour circle ; if it cuts the Illd 
hour upon the polar circles, it will cut 
the IXth hour upon the equator, which 
is fix hours later, and fo of all the reft. 

^ 480. Through the great Pacific fca, and 
the interfedion of libra, is drawn a broad 
meridian fronl pole to pole, it pafles thro* 
the Xllth hour upon the equator, and 
the Vlth hour upon each of the polar cir- 
cles ; this hour circle is graduated into de- 
grees and parts, and numbered from the 
equator towards either pole. 

481. There is. another broad meridian 
pafling through the Pacific fea, at the IXth 
hour upon the equator, and the Hid hour 

upon 
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topon eacjn polar circk % this contains oniy 
•one quadrantfc or 90 degrees, the numbers 
annexed to it begin at the northern polar 
circle, and end at the tropic of Capri- 
corn. 

482. Here we muft like wife obferve, there 
are 23 concentric circles drawn upon the 
tferreftrial globe within the northern and 
fouthern polar circles, which for the future 
we (hall Q2X\polar paralUhi they are placed 
at the diftance of one degree from each 
other, and reprefent the parallels of the 
fiin's declination, but differently to what 
the 47 patallels between the tropics do. 

483. The foflowmg problems require 
the globe to be placed upon a plane that 
is level, or truly horizontal, which is eafily 
attained, if the floor, pavement, graved 
walk in the garden, 66c. ihould not happen 
to be horizontal. 

484. A flat feafoned board, or any box 
which is about two feet broad, or two ket 
fquare, if the top be perfeftly flat, will 
anfwer the purpofe, the upper iurface of 
either may be fet truly horizontal, by the 
help of a pocket fpirit level, or plumb rule, 
]£ you raife or deprefs this os- that fide by 
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a wedge or two, as the fpirit level fliall 
diredl ; if you have a meridktn line drawn 
on the place over which you fubftitute this 
horizontal plane, it may be readily tranC* 
ferred from thence to the furface juft le- 
velled; this being done, we are prepared 
for the folution oi the folbwing pro-* 
blems. 



Problem LVIL 

To bbferve the funs altitude by 
the terreftrial globci when he 
fhines bright, or when he can 
but juft be difceraed through a 
cloud, 

48^. Confider the fhade of extuberancy, 
which is that caufed by the fphericity of thi^ 
globe, heretofore called the edge of the earth's 
enlightened dife, and there reprefented by 
the broad paper-circle^ but here reallized 
by the natural light of the fun himfelf. 

Elevate the north pole of the globe to 
66 \ degrees, bring that meridian or hour 
circle, which pafles through the IXth how 

upoa 
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upon the equator, under the graduated fide 
of the ftrong brafs meridian, the globe 
being now fet upon the horizontal plane y 
turn it about thereon, frame and all, that 
the (hadow of the ftrong brafs meridian 
may fall direftly under itfelf, or in other 
words, that the (hade of its graduated face 
may fall exadWy upon the aforefaid hour 
circle j at that inftant the (hade of extu- 
berancy will touch the true degree of die 
fiin's altitude upon that meridian, which 
pafles. through the IXth hour upon the 
equator, reckoned from the polar circle^ 
thfe moft elevated part of which will then 
be in the zenith of the place where this' 
operation is performed, and is the fame 
whether it (hould happen to be either ia 
north or fbuth latitude, 

486. Thus we may, in an eafy and na- 
tural manner, obtain the altitude of the fun> 
at any time of the day, by the terreftfial 
globe 5 for it is very plain, when the fun 
rifes, he bruflies the zenith and nadir of the * 
globe by his rays, and as he always illu-" 
minates half of it, (or but a few minutes- 
more, as his globe is confiderably larger than 
that of the earth) therefore when the fun 
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k rifcn a degree higher, he raufl; neccft' 
iarijy illuminate a degree beyond, the ze- 
nith, and fo on proportionably from time to 
tiqic. 

But as the illuminated part is fomewhat 
more than half, deduft 13 minutes from 
the (hade of extubeiapcy, and you have 
the fun's altitude with tolerable cxafl^ 
nefs. . 

If you have any doubt how far the 
ihade of extuberancy exaftly reaches, hold 
a pin, or your finger, on the globe, betweejo 
the fun and point in difpute, and where 
the ftiade of either is loft, will be the point 
fought. 

487. When the fun does not fliinc 
bright enough to caft a fhadow/ 

Turn the meridian of the globe toward 
the fun, as before, or diredl it fo that it 
may lie in the fame plane with him, which 
may be done if you have but the leaft 
glimpfe of the fun dirough a cloud; hold 
a ftring in both hands, it having firft been 
put lietwecn the ftrong brafs meridian and 

the 
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the globe, ftrctch k at right angles to the 
meridiart, and apply your face near to 
the globe, moving your eye lower and 
lower, till you can but juft fee the Jwjj 
theii bring the ftrhig held as before to this 
pdnt upon the globe, that it may juft 
objure Ae fun from your fight, and the 
degree on the aforefeid hour circle, which 
the firing then lies upon, will be the fun s 
altitude required, for his rays would (hew 
Ae feme point if he fhone out bright* 

l^pfe. The moon's altitude njay be ot-i 
ferved by either of thefe methods, and the 
altitude of any ftar by the lafl of them. 

Problem LVIIL 

To place the terreftrial globe in the* 
fun's rays, that it may reprefent 
the natural pofition of the earth, 
either by a meridian line, or with- 
out it. 

488. If you have a meridian line, fet the 
nordi andfouthpointsof th^broad-papercircle 

direaiy 
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diredlly over it, die north pole of the globe 
being elevated to the. latitude of the place^ 
aad ftanding upon a levd plane, bring the 
place you are in under the graduated fide 
of the ftrong brafs meridian, then the 
j)oles and parallel circles upon the globe 
will, without fenfible error, correfpond with 
thofe in the heavens, and each point, king- 
<iom, and ^te, will be turned towards the 
real one which it reprefents. 

489. If you have no meridian line^ then 
by knowing the day of the month, find 
the fun*s declination as before direSedly 
which will diredt you to the parallel of the 
day, amongft the polac parallels, reckoned 
from cither pole towards the polar circles 
which remember. 

Set the globe upon your horizontal plane 
in the fon-fliine, and put it nearly north 
^nd ibuth by the mariner's compafs, it being 
^rfl elevated to the latitude of the place, 
^nd the place itfelf brought under the gra- 
jduated fide of the ftrong brafs meridian, 
then move the frame and globe together, 
till the fhade of cxtubcrancy, or term of 
illumination, juil toudies the polar paral- 
lel for the day, aad ^e globe will be fettled 

as 
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as before 5 and if accurately perfonnedy 
the variation of the magnedcal needle will 
be {hewn by the degree it points to in the 
compafs box. 

490. And here obferve, if the parallel 
for the day ftiould not happen to fall on 
any one of thofe drawn upon the globe, you 
are to cftimate a proportionable part between 
them, and reckon that, the parallel of Ae 
day. If we had drawn more, the globe 
would have been confiifed. 

491. The rcafon of this operation is> that 
as the fiin illuminates half the globe, the . 
ihade of esctuberancy will confbmdy be 
^ degrees from the point where the fun is 
vertical. 

492. If the fun be in the equator, the 
ihade and. illumination muf): terminate in 
the poles of the world, and when he is ill 
any other diurnal parallel, the terms of il» 
himination muft fall ihort of, or go be- 
yond either pole, as many degrees as the 
parallel which the fun defcribes that day» is 
diftant from the equator ; therefore when 
the {hade of extuberancy tcMiche^ the polar 
parallel for the day, liie Artificial globe 
will be in the fame pofition, with refpefl: 

to 
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la ihc fun, as the eafth redly is^ and ^llt 
he illttminated m the fame manner. 



Problem LIX* 

^To find naturally the fun*s Jecli- 
^ nation, diurnal parallel, and his 
^ place thereon. 

493, The globe heii^ fet upon an ho- 
rizontal plane, and adjufted by a meridiart 
line or odierwife, obferve upon which or 
between which polar parallel the term of 
illumination falls, its djftance from the pole 
is the degree of the fun*s declination ; reckon 
this diftance from the equator among the 
larger parallels, and you have the parallel 
the fun defcribcs that day ^ upon which if 
you move a card, cut in the form of a 
double fquare, until its (hadow falls . undeV 
kfelf, you will ebtain the very place upon 
that parallel over which the fun is vertical 
jft any hour of that da(y, if you fet the 
place you are iti under, the graduated (idd 
*f the ftrong 4»:a& meridiaUr 
•. ,» ^•-. 
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Ndte. The moon 8 decfinaboa, diumal 
parallel .and pUcc, may be foimd m th« 
fame manner. Likewife when the fun 
does not (bine bright, his declination, &c. 
may be found by an application in the 
manner of problem 57. 

Problem LX. 

To find the fun's azimuth natu- 
rally. 

494. If a great circle at right angles to the 
horizon paffes through the zenith and na- 
dir, and alfo through the fun's center, its 
diftance from the meridian in tfie morning 
or evening of any ' day, reckoned upon the 
degrees on the inner edge of the broad- 
paper circle, will give the azimuth re- 
quired. ' ^'• 

MfTTHOD 1. 

495. Elevate either pole to the poiitioa. 
of a parallel fyhsite^ by bringing the north 
pole in north latkuck^ aad the fbuth pole 
fa fouth latitude, into the zenith of the 

broad- 
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broad*paper circle, having firft placed the 
globe upon- your meri<Saft Kne, or by the 
other n>ethod before prefcribed; hold up 
a plomb line fo that it may pafs freely near 
the outward edge erf" the broad-paper circle, 
frnd move it fo that- the fhadow of the 
firing may fall upon the elevated pole, 
ther> caft your eye immediately to its (ha- 
dow on the broad-paper circle, and the 
degree i(r there falls upoa is the fon*» azi- 
muth at that tinie, which may be reckoned 
irom ekhdr the foad^ or north poincs of the 
hori^son^ 

MttvLon II. 

496. If you fedve oody a glimpfe, or 
faint %ht of the fan^ the globe being 
adjufEcd as before^ ftand oir the ihady 
fide,^ and IkM thes plomb Ike oa 'that 
£kie aUib^ and njbvc. it iill in cu&i the fun's 
center, and the derated pole at . the hxm 
timcy then: caii your eye towards tbe 
luraftd'^paper cirolCr ^d ^ degpreeit ther^ 
tifis is ike fun's ^aaimoth^ whicl^ muft ksH 
ifckoncdftan the of^iete x^rdiml point. 
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Problbm LXI. 

To fhew that in fome places of 
the earth's furface, the fun will 
be twice on the fame azimuth 
in the morning, and twice oil 
the fame azimuth in the after- 
noon ; or in other words. 

When the decUnatbn of the fun cx^ 
cceds the latitude of any place, on either 
fide of the equator, the fun will be on the 
fame azimuth twice in the morning, and 
twice in the aft€rnoo» 

497. Thus, fuppofe the globe- reftffied to 
the latitude of Antego, which is in about 
17 deg. of north> latitude, arid the fun .to 
be in the beginning of cancer, or to have 
the greateft north declination, fct the qua-^ * 
drant of altitude to the 21ft degree north 
of the eaft in the horizon^ and turn the 
globe upon its axis, &e funs center will 
^be (Jn that a:dmuth at 6bw 3amin. and 
alfo at xoh. ^o nuo. in ihe morning. Aft 
8 h. 30 min. the fun will be as it were- 

ftationar|r 
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ftationary with rcfpeft to its azimuth for 
fome time ; as will appear by placing the 
quadrant of altitude to the 17th degree 
north of the eaft in the horizon. If the 
quadrant be fet to the fame degrees north 
of the w^ft, the fun's center will crofs 
it twice as it approaches the horizon in the 
^ernoon. 

. This appearance will happen more or 
Jefs to all places fituated in the tprrid 
^one, whenever the fun's declination ex- 
ceeds their latitude} and from hence we 
may infer, that the fliadow of a dial muft 
pcccflarily go back fcveral degrees on thQ 
fame days. 

Problem LXII. 

To obferve the hour of the day 
in the mofl natural manner, when 
the terreftrial globe is properly 
pla(;ed in the fim-fliine, 

498. There are many ways to perform 

this operation with refpedt to the hour, 

th^e of which are here inferted, being 

0^3 general 
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general to ^1 the kihahiuiits of the eartii i^ 
a fourth is added peculiar to thofe of Lon- 
don, which will anfwer without fenlible 
error at any place not exceeding the dir 
ilance of 60 miles from this capital. 

I ft, Bj a natural ftile. 

Having rectified the globe as before di^ 
refted, and placed it upon an horizontal 

plane over your meridian line, or by the 

other method, bold a long pin upon die 

illuminated pole in die direftion of the 

polar axis, and its fliadow will ihew the 

hour of the day amongft the pojar pa? 
rallels. 

The axis of the globe being the com- 
mon fedion of the hour circles, is in the 
plane of each, and as we fuppofe the globe 
to be properly adjufted, they vdll corre^ 
fpond with thofe in the heavens; <there- 
fore the fhade of the pin, which is the 
^xis continued, muft fall upon the trup 
hour circle. 



2dly, 
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adly, By an artificial ftile. 

499. Tie a fmall ftring with a noofe 
round the elevated pole, ftretch its other 
end beyond the globe, and move it fo 
that the ihadow of the ftring may fall 
upon the d^preffcd axis, at that jriftant its 
fhadow upon the equator will give the folar 
hour to a minute. 

500 But remember, that either the au- 
tumnal or vernal equino<9tial colure muft 
fifft be placed under the graduated fide 
of the ftrong brafs meridian befpre you 
obferve the hour, each of thefe being 
marked upon th^ equator with the hour 
XII. 

501. The ftring in this laft .cafe being 
moved into the plane of the fun, corre- 
fpoqds with the true hour circle, and con^ 
fequently gives the true hour. 

3dly, Without any ftile at all. 

502. Every thing being rcdlified as be- 
fbre, look where the ihade of extubcrancy 

Qjf. cuts 
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cuts upon the equator, the colure being[ 
under the graduated fide of the ftrong braf^ 
meridian, and you obtain the hour in two 
places upon the equator, one of tjiem 
going before, and the other following the 
fun. 

503. NoUf If this fh^de be dubiouSj^ 
^pply a pip or your finger as before d|- 
rpjfted. 

504, The reafon is, that the fhade qf 
extuberancy being a jgreat circle, cuts the 
equator in half, and the fun, in what- 
focyer parallel of declination he may hap^ 
pen to be, is , always in the pole of the 
ihade, confequently the confines of light 
and ftiade wjU (hew the true hour of the 
4ay. 

4thly, Peculiar to the inhabitants 

pf London, and its environs^ 

within the diftance of fixty 
ipiles* 

The globe being every way adjuft«d as 
before, and London; brought under the 
graduated fide of the ftrong brafe meridian^ 

hold 
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hold up a plomb line, fo that its fhadow 
may fall upon the zenith point, (which in 
diis <:afe 4s London itfelf ) and the fhadow 
of the firing will cut the parallel of the 
day upon that point to which the fun is 
jhen vertical, and that hour circle this in- 
terfedlion falls upon, is thq hour of the 
day 5 iand as the meridians are drawn within 
the tropics at Zo minutes diftance from ^ach 
pther, the point cut by the intei-fcftion of 
the firing upon the parallel of the day, 
being fo near the equator, may, by a 
glance of the obferver's eye, be referred 
thereto, and the true time obtained to a 
minute. " 

The plomb line thus moved is the azi- 
muth, which by cutting the parallel of the 
day, gives the fun's place, and cbnfe- 
quently the hour circle which interfeds 
it. 

Frorn this lafl operation refults a coroU 
iary, that gives a fecond way of reftifying 
the globe to the fun's rays. 

If the azimuth and fhade of the illumi- 
nated axis agree in the hour when the glo}>e 
fs redlifiedy then making them thus to^ agfec 
mufl re6lify the globe. 

Corollary. 
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Corollary. 

Another method to redify the globe 
to the fun'« rays. 

505. Move the globe till the fliadow of 
the plomb line, which pafTes through the 
zenith, cuts the fame hour on the parallel 
of the day, as the fhade of the pin held in 
the diredion of the axis falls upon, amongft 
the polar parallels, and the globe is vtQiw 
fied. 

506. The reafon is, that the fhadow of 
the axis reprefents an hour circle, and by 
its agreement in the feme hour, which the 
fliadow of the azimuth firing points out^ 
by its interfeftion on the parallel of th^ 
day, therefore the fun is in the plane of the 
faid parallel; which can never happen in 
the morning on the eaftern fide of the globe, 
nor in the evening on the weftern fide of it^ 
but when the globe is reftified* 

507. This redification of the globe, is 
only placing it in fuch a manner that th^ 
principal great circles, and points, may con? 
cur and fall in with thofe of the heavens 

The 
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Tkt immy advantages aiifing from thefb 
capital problems relating to the placing of 
jthe globe in the fun's rays, an intelligent 
reader will eafily difcern, and iieadily ex* 
tend to his own as well as to tfje benefit of 
his pupil. 
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A Table of Reowcffion and Autumnal Equi^ 
noxes. 

Retroceflion. A iitumnal Equinoxes. 



Vearsil 


D. M. M. 


Pays. H. M. 


6000 ' 


45 20 


2191454 4. 


5000 


38 4 40 


1826211 19 20 


4000 


30 13 20 


1460969 10 40 


3000 


22 22 


1095727 2 • 


2000 


IS 6 40 


730484 17 20 


1000 


7 IS 20 


365242 8 40 


90a 


6 21 


328718 3 


800 


6 2 40 


292193 21 20 


700 


S 8 20 


255669 15 40 


600 


4 14 


219x45 10 


500 


3 19 40 


182621 4 20 


400 


3 I 20 


146096 22 40 


Soo 


270 


X09572 17 


200 


I 12 40 


73048 II 20 


100 


18 20 


36524 5 40 


90 


16 30 


32871 19 30 


80 


14 40 


29219 9 20 


K 


12 50 


25566 23 10 


II 


^11914 13 


50 


9 10 


18262 2 50 


. 40 


7 20 


14609 16 40 


30 


s 30 


10957 6 30 


20 


3 40 


7304 20 20 


10 


I 50 


3652 10 10 


9 


I 39 


3287 4 21 


I 28 


2921 22 32 


I 


I 17 
010 


2556 16 43 


6 


2191 10 54 


5 


55 


1826 5 5 


4 


44 


1460 23 i6 


3 


33 


1095 17 27 


2 


22 


730 II 38 


I 


11; 


36^ 5 49 
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A Table of Months. 

. ^\Z ' 

\ f^ ?^\ "S 

-A I 31 j January 
D I 2^ I Febxuaiy 
J> I 31 j March 
G 30 j April 
B I Ji I May 

•^ 1 30 I June 
G I 3J J«Iy 

^ 3J Auguft 
. F 30 I September 

A' 31 Oaober 

^ 30 I November 

I ^ I 3 ^ I December 

A Table of Week-Days^ 

I 4 I i^onday^ r 
I 5 I iTuefday 
^ Wednefday 

Thurfday 

1 I Friday 

2 Saturday . 
-3 ' Sunday ^ 
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A Table of the Horary Differ ense in the Mo^ 
tion of the firft Point of Aries, at the Time 
of a Vernal Equinox. 



'M. 


si '" 


M. 


S. '" 


H, 
I 


ML a 


H. 


M. S. 


18 


31 


U 42 


2 


32 


:4 51 


3 


27 


33 


i 


4 


36 


34 


5 9 


5 


45 


35 
-36 


5 18 


6^ 


54 


■S. 2? 


I 


Li 4 


H 


5 36 


f I 13 


38 


$ 45 


9 


[ I 22 


39 


1 1 


10 

li 


;I 31 


40 
41 


:i 40 


6- ra- 


12 


. I 49 


42 


6 2t 


13 


* 58 


43 


6- 31 


14 


:2 6 


44 


6 40 


15 


2 16 


■45 
46 


6 49 


i6 


2 2$ 


6 5» 


\i 


,2' i4- 


% 


7 ^ 


2 43 


r 16 


19 


2 53 


49 


7 25- 


20 


3 2 


so 
51 


7 34 


•2r 


3 " 


7 "43 


22 


3 ap 
3 3? 


s* 


•7 52 


23 


S3 


• 8 


24 


■-S4 


-S 8 


25 
26 


3 47 


'56 


8; 17 


3 56 


8 25 


27 


4 4 


57 


8 35 


28 


4 -12 


S« 


a. 45 


29 


4 22 


59 


8 55 


30 


1 4 32 


bo 


9 S 
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A Table of the Diflfenence of the Paflagc of 
the firft Point of Aries over the Meridian^ rof 
every Day in the Year^ 







I. 








January, f 


February. 


March, 


T 


H. M. S. 


H. M. S. 


H. M. S. 


I 


5 10 53 


2 58 46 


; I 50 




2 


6 28 


5442 


I 7 


I 


3 
4 


.24 


SO 39 


! 2 24 


» 


4 57 40 


46 37 


t 58 41 


3 


, S 
6 


5316 


.42 36 


, 54 58 


4 
5 


48^53 


3836 


.51 16 


7 


4431 


34 36 


' 47 34 


6 


8 


¥> 9 


, 30-37 


43 52 


I 


9 


3S>47 


1 a&39 


40 IT 


» 


10 


3;r 26 


2Z 42 


36 30 


91 


II 


27. 6 


r8 45 


32 50 


wy 


12 
»3 


22 40 


14 so 


2'9 10 


II 


US- 27 


»o55 


25 31 


12 


H 


i ^4 9 


7 i' 


21 52 


13 


IS 


9^51 


3 7 


18 13 


^,+ 


16 


5^33 


I 59 14 


14 34 


'^ 


'I 


I 17 


55 22 


10 55 


16 


18 


3 57 2 


SI 32 


7 16 


'I 


19 


.52 47 


47 42 


3.18 


18 


20 


48 33 


43 52 


000 


19 


21 


44 19 


40 3 


23 56 25t 


no- 


22 


40 6 


3^ 14. 


5244 


21 


23 


35 54 


32 26 


49 6 


22 


24 


34 43 


28 39 


; 45 28 


23 


.25 
26 


27 jj 


24 52- 


41 50 


•24 
25 


23 24 


21 6 


38 12 


'^^ 


1.9 15 


17 20 


34 34 


2& 


128 


»5 7 


13 35 


30. 56 


H 


29 


. 11 




27.18 


28 


30 


6 54 


1 


23.40 


29 


Lk 


I 2 49 




20 2 • 30 [ 
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II. 



CO 


Aift-il. 


May. 


1 June. 


a- 


Q 










H. M. S. 


H. M. S. 


H. M. S. 




I 


23 16 24 


21 2.5 12 


19 22 28 




' 2 


12 46 


21 23 


18 22 


I 


3 


9 8 


17 33 


14 x6 


2 


4 


5 29 


13 43 


10 9 


3 


5 


I 50 


9 52 


6 2 


4 


6 


22 58 II 


6 


1 55 


5 


1 


54 33 


2 8 


18 57 48 


6 


50 54 


20 58 16 


53 40 


I 


9 


47 14 


54 23 


49 32 


8 


10 


43 35 


50 30 


45 24 


9 
10 


II 


39 55 


46 35 


41 IS 


12 


36 14 


42 40 


37 6 


II 


13 


32 33 


3844 


32 57 


12 


14 


28 52 


34 49 


28 48 


13 


15 


25 II 


30 51 


24 39 


15 


i6 


21 30 


26 54 


20 29 


17 


n 47 


22 56 


16 20 


16 


18 


14 4 


18 58 


12 II 


17 


19 


1021 


14 59 


8 I 


18 


20 


6 38 


II 


3 51 


19 

20 


21 


2 54 


7 


17 59 42 


22 


21 59 II 


1 59 


55 33 


21 


23" 


55 26 


1958 59 


51 23 


22 : 


24 


. 51 41 


5458 


47 14 


23 ■ 


25 


47 55 


50 56 


43 4 


24 : 


26 


44 9 


46 53 


3855 


25 


27 


40 23 


41 50 


3446 


26 


28 


36^6 


3346 


30 37 


H ' 


.29 


3248 


34 42 


26 29 


2a : 


30 


29 


30 38 


22 20 


29 ;• 


.3»- 




, 2633 




JIP 
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III. 






i 


July- 


Auguft. 


September. 


1" 


H. M. S. 


H. M. S. 


H: M. S, 


I 


17 i8 II 


15 13 26 


13 17 24 




2 


9 50 


9 33 


1345 


I 


3 


5 41 


10 8 


2 


4 


5 48 


I 49 


631 


3 


5 
6 


I 41 


14 57 58 


2 54 


4 
i 


»6 57 34 


5+ ? 


12 59 17 


I 


. 53 28 


50 18 


55 40 


49 22 


46 29 


^l * 


l 


9 


45 17 


42 40 


48 28 


10 

u 


41 12 


38 52 


44 52 


^ 


• 37 7 


35 5 


41 16 


ra 


-12 


33 ^ 


31 18 


37 40 


It 


*3. 


.28-58 


27 32 


34 4 


12 


'.4 


24 55 


23 46 


30 29 


n 


:l6 


20 52 


20 I 


26 54 


15 


16 49 


16 16 


23 18 


17- 


12 47 


*2 3^ 


19 43 


16 


i8 


8 46 


' 8 48 


16 7 


^l 


c^9 


4 45 


5 5 


^l 31 


,18 


-20, 
21' 


45 


I 22 


' 8 56 


19 


15 56 45 


13 57 40 


5 20 


■20 


22 


52 46 


5358 


- 1 44 


21 


^J 


48 48 


50 16 


iir 58 8 


,22 


'24 


44 49 


46 35 


; 54 32 


23 


25 
26 


40 51 


42 55 


' 50 56 


24 


36 54 


39 14 


47 20 


^5 


15 


3^ 57 


35 35 


43 44 


26 


29 2 


31 55 


40 7 


^l 


29 


25 6 


28 17 


36 30 


28 


.3.9 


21 12 


24 38 


32 53 


29 


3» 


■' 17 18 


21 




JEL 



•R 
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II. 



I- 


Aift-il. 


May. 


1 June. 


f3- 










H. M. S.. 


H. M. S. 


H. M. S. 




I 


23 16 24 


21 Z5 12 


19 22 28 




• a 


12 46 


21 23 


18 22 


I 


3 


9 8 


17 33 


14 16 


■ 2 


4 


5 29 


13 43 


10 9 


3 


5 


I 50 


9 52 


6 2 


4 


6 


22 58 II 


6 


1 55 


■5 


I 


54 33 


2 8 


18 57 48 


6 


50 54 


20 58 16 


53 40 


7 


9 


47 H 


54 23 


49 32 


8 


10 


43 35 


50 30 


45 24 


9 
10 
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CATALOGUE 

I ■ ■ 

OF 

Kfethematical, Philofophicil, 
C^tieal INSTRUMENTS. 

MADE an4 SOLD by. • 

■ GE6RGE AD^M?, 

lilathan^tical Iflftrument-Maker to tlie Kll^O, 

c Jit;hfe Slop tBe Sign of Tycrfo BRAiHB*s : 
tieac]) ih Fket-ftreet, London. , 

Where Gentlemen and Ladies may he fupplicd with' 
fuch Inftruments as are either Invented or Impro- 
ved by^himfelf 5 • aijcl Conftruifibed aqc^rding^ to the 

^ moft perfeft Theory. 

t ' • •* 

TH E StuxJy of' the Matibematicks be-f 
ing now become a necefiary Part of 
every Gentleman's Education, and 
as it contains an inexhauftible Fund of uie- 
ftil Knowl^dge^ wherein the grcateft Ge-^ 
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nittfes may cx^t their Mtmc^ ^ac^tiliks^iffil 
tb^ meancA fiud iomething Mrjthin his iLc^^^ 
tbe Theory of k displays an ample Fields 
and the Practice of k has always been pro- 
dudliiVe of nsany great Advantages to Meir 
of Aftion and Buffnefs. 

Therefore Mathematical Inftruments ate: 
die Means by which the Sciences of Geo*^ 
metry, Aftronomy, Philofophy, and Opticia, 
have been rendered ufeful in all the com^ 
xx^n and neceffary Occurrencies of humair 
Life* They not only enable us to conneffcj 
Theory with Pradtice, but alfo inftrii^iiW 
how to turn bare Contemplation mtq tl^ 
mod fubftantial Ufe, by making one c^iBc 
moft ferviceable &andbes pf I^qtriiiiig \^ 
natural Way of rendoriiig this &odw)edgp 
general and diffufive* x:;^ 

• , . . ■ . . , r** 

likthematical In(]irtiinents, 

/.'- i.-' iit^ 

G A SE S of Drawing Inftrax«lent*> 
the Scaks^ and Sciftor ekher T 

Woody Ivory^ or Brafe, from lo/- ^ - -^^ 

6d. to — —• r^-*^ '■■■ ' ■'^- 5ti ,^r #: 

Magazine Cafes of Inftruments, from . :.:\Z 

7 /. ys; to ' ■ ■ ' - ' » ■ !> :;a^c 'Ch ^-^^ 

Silver 
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'it.jiS'^d' to '"■ ' "'" ' ■ 21 o o 

Proportionabie Cetmptfef ' ' 1 u ^ 

Pfteb ■ ' " -- 3 3 o 

SSabrs of * i«w Conftro^Ofi 2 a ©. 

pitto — ' — 4 4 o 

JJIjUj . 1 . 1 I WI I M^ " ■■<■ ■■" 1 11 6 |5 <) 

£cMpltiq»l Compares of a new Con- 

-ftruaionr — • 5 5 o 

Gurtncr* Calippcrs " / . ' ■ ^ \5 P 

C^innera Quadrants —- — — ■■ — — t i^ ^. 

^rpcnificulars for Gannerjr— — -' r fi 6 
parallel Rules, two and three Feet 
P^ket Rules, GaujgTngj and other' : *^• 
5liding Rules, Gumcr Scales, Sur- • 
Veyihg and Navigation Scales, with 

"aH other 10«»d <»f Scales and Rules, _ ;^ 
^?«ie'afiial PHces. 

plane Tables for Surveying Land -7*3^ H, §-. 
PitOB of a new Conftrwiftion, with 

aBrafe-beadedSu£F- 15 o o 

Theodontes with plain Sights 5 5 

P^tto.with Telcfcopic Sights, and 

Vertical Arch -: r— : -^ l% -la o 

IXtto, of the beft Sort -. — ^^--— at . 0.0 

Gunter's Chains — ■■ -.^— o j 6 

Ltvcls, of the lateft Conftru<5tion — ■ 7 7 .0 

Dittoi largrt r^rr- 12 ' 2 ^ 

protr^orsfrofl* a^r 6 J, to — ^ — » »o 
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o 
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/ 4 CATALOpVI ,^ ; 



/. s. d. 



^ A new Protraftor for Setting off An- 
gles to a Minute ■ j- ■■, .^ a ;jq 
A new Plotting Scale with a Nonius . . 

Divifjon . 440 

Pantographers for reducing anii. en- 
larging Plans and Drawings ---^ 4 14 6 

^^eafuring Wheels ■ — ^ 660 

Pedometers ;— ^ . 550 

,Way Wifers for Wheel Carriages —5 g s> 

Aftronomical Quadrants .— i? 12 o 

Ditto __^ 3^ ,0 Q 

Ditto _, .Vg2 ,Q ^ 

Tranfit Inftrumisiit?^ frpm. lo/, lo^* 

to : , gj jQ Q 

Equal Altitude , In ftrpments, from 

21/. to T^ — \ . — 50 ■ 00 

Aftronomical SecSlors, from 50/. to-ioo ' o;:o 
Horizontal Sun-Dials, from 10 s. 6d. ' 

to — 10 10 o 

Univerfal Equinocftial Dials, frpm 

lOJ. bd. to . . 3 13 ^ 

Ditto, on a Pedeftal, &c. — r: \2 iz q 

Eliptical double Dials from 5/. ^s. ''^ ^^ . 

to ,0 IQ O 

Pocket Horizontal Dials, for feveral 

Latitudes — — > 

Hadley's Quadrapts ; 2 2 

Ditto . . ._ 2 12 6 

Ditto — ~. ■ 2 30 

Ditto 



2 2 Q 
O 



Digitized by 



Googk 



OpHcat IsrSTRtTMfiNfTS. 5 

Ditto —^ — ■■ • ' - ^ ' 4 40 

;I)ritKrtight's new Steering Compafs 2 12 6 

■ his new Azimuth Com- 

pafs , ^ : 515 6 

Orreries, fro^n 25/, to 150 o b 

A Planctariuml, or Manual Orrery 
for the Copernicatn and Ptolemaic 

Syftem ■ ■ 330 

JDitio 880 

sA new Planetarium — ^ — •— - — ^ — 1 8 1 8 o 

'A new Tellarium -T*— ■ ■ 36 o b 

^Adanns'^ New Globes, 18 Inches Di- 
ameter » , ■ ■ __ g Q "'0 

Ditto, in Mahogany 11 ii o 

Pltto, in Mahogany and Brafs mount- 
ing — : : 26 0.0 

^Nc1¥ .: Globes, 12 Inches Diameter 5 50 
Ditto, in .Mahogany —r-7 — -. 6 1$ 6 



Optical Ihftruments, 

Reiaefting Telefcopes, i Foot 5 5 Q 

Ditto, 18 Inches 880 

'Ditto, 2 Feet = 12 12 o 

Ditto, on a Rack Stand 20 00 

Small Reflefting ditto, 6 Inches — 3 13^ 

Ditto, 4 Inches ■ 220 

The new Achromatic Refrafting Te^ 

If fcope with feven Glafles, two Feet 220 



Ditto, 
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Ditto, three Feet- — "' ' ■■■■ \r\ m^-.v^ -y^ ^ 

Ditto, four Feet ^ ■' ^^ ' • ' " ■■■ *■ ' ■ ' '4 4 i> 

and fo on in Proportion for any 
other Length, aH other Sorts of 
Rcfra^ipg Tclefcopes, at the ufusa 
Prices. . • 

The large douWc Conftnided Mi- - 

crofcope ■' • " ^ ' '" ^*^' 6 ^ o 

Pitto, in a flat Mahogany Cafe —— 7 7^ 

Dittbi of an inferior Sort — — 313^ 6 

Wilfon'fi Ptitkfet^* Rifci'crfcope '^. * i « O^ 

jjltto ■ '• r^ '' ■ ■ ■ ■ ■ - -^ > ta *6 

- HUs's-Micfoftope-^ -a * ti; 

A foUr Microfcope •-.! — —*- ■■ ■ ■ " •4^ 14 ^^P 

pitto — :— ^- — . ■ ^" ^^^ -^ ^ i:r'';j?;^ 

A Microfcopical Appanrtm in a ^ffa-' '^^ ' ' 

hogany Box i« it 

all oth^r Sorts of MiccofQ»p9S at ; ^ 
the ufual Prices* 

A Pocket Camera Obfcura-— — a itr 6. 

Pitto — '-^ i « o 

Ditto, large • 1 ■ ; ■ ' ^ 5 ^ 

Ditto» larjger — — ^^— — * i <^^^ 

A Bopk Camera, of a new Conftnic- 

tion — r^^ — "- " ■'■ -^ • 5 J^. 9^. 

A new Inftmment for taking Per-, 

fpeAivc Views — — -r^rr^: ^ .^ P 
Concave and Convex Mirrors^ fraou, . .v:^ 

js. 6d. to • — — 26 o^ Q 

Priiim^ 
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Aliens, irom. 7^ 6iL to ■■-^■ j -' u^ r -j- « 

^gj^fcftpea. for viewiog JPrincs, . 

from 18/. to ;— _ , i 12 5 

Opera Glafles, from &t. to ■ ■ » i 1,0 

Reading Gl^s, /rom a^. 6^. to *~ j 30 

Spcftacles for the Nofe o 10 

Ditto for the Tempks ---~ « 3 O 

Pitta .^*.r.-~ o 5 o 

I^tto — ^ .^^ . . -f . ' ■ o 7 6 

Ditto, in Silver r ■ o 14 o 

Dittc^ Double Joinfs whif^ nfit^r 

, prefi the Npfe^ or Temples — o 9 ^ 

I^^ttq^ —— -._____.^ _ ^ J3 - 

Ditto^ in Silver.- -^ .-^ I i , o 

Spcftacie? of Brassil Pebbles, in St€«l__ ^ 
or Silver^ at the ufual Prices. 

Philosophical Inftrumcfits. / 

iHr Fiiirtps^ exclufivcof any Appa- ' ^ 
^MtCs * : /' 

A lingle Iftatrel dhto — « :— t 2" <y 

A fiiwB double Barreira ditto ^4 4> o 

A ditto larger-'* . i— . i . , 1 • , :«-• • ^5 .^ ^' 
APlai^e Tabk Air Ptmp ^ 16 10 o 

A Jai^ge Standing Air Pump — * Vi 6 a 
W A^ar^tlB to either of thefe 
accordingWtTie^rtefit^^fthe PuF- 

feha'fer. - ' — "\^^ ^ • • ^; 

■—-'- Barotnei^n 
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8 A Catalogue £^r. 



Barometers — - 

Ditto, with Thermometers 
Ditto -^ — — 



Ditto, with Hygrometers ■^ ■■ ^ u- 

A new invented Barometer of a pe- 
culiar Make — — 

Diagonal Barometers ^ 

Wheel Barometers > — 



Triple Diagonal Barometers 
Botanick Therrtiometers — - 
Ditto ^-^ — — - 



Farenheit's Pocket Thermometers - 
Thermometers for Brew- 



ittg, Diftilling, &c. 
Eleftrical Machines — 
Ditto 
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Hydroftatic Ballances • 

A new and curious Hydrometpr is 

now in Hand, of which the Price 

cannot be yet afeertained* 
Thefe, with all the Variety of Inftruments rc- 
' qwired in the.Pradice of the feveral Branches 

of the Matheqaaticks, Philofophy; and Op** 

tics, are Made and Sold as above, at the moft; 

Reafoaable Prices. 
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